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o o l  o h o a io te *  1% ham  beoo k& om  sId ib o  T e iy  lo n ^  t lm *  iihflii Hooeo
«
and  h lo  f o U o v e r o  « o re  tssq^pod* l a  a  Hoaeo aOvlcoA h i e
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l a o e t  e tu d lo d *  I t  i o ,  th o x c fo v o ^  propoBod to ^ p x e a a a t  i n  th o  
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onJLjr <30 o r  H a lo n ^ v i t h  o  and  U«
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oapaMLe g£ fu n o tio a iE k j oo tiM  h o to r o  •  a to o e *  Ih »  f s e o  a o id a  m A  
a o o t a a l t e  o f  H otozopoijr o n lo o a  a r o  o x tre ta c ly  ooX ublo l a  v a t o r  a a d  
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{joaeraX t tw to r o p o i /a o ly b d o to o  oad tii&i;a%atoo o f  m o l l  o a t i o a a ,  ixkolif* 
diBiS %ht>eo o i aouo hoi«ry iB o to Ie , a r e  v a to s  o a d a o le ^  tout w ith  X asges 
oatifiB fi ineoIubilJL tijr i s  f r o q u o n t ly  fo u n d *  Stum  o c e ia t i^  l o a d  and 
b o r lo a  a a l t o  aso. u o u a lX j la a o la b lo ^  an d  ooDuoiufi^ po tc^olvua and  
s u b ild la a  a o l t a  a r e  a o a o t la o e  Ineo ittbX of a a l t o  o f  0 ^ 5- 0505) 2^43^
aXkaXoido a r e  In T a ria b a jr  in ao ltth lQ *  SeKLo 2 l l a t a  
t h e  p r i n c i p a l  tlfp o a  o f  h e te ro p o X /aafik 'b d a to e^  asga/ « f  u h lu h  luTO 
o x a o t o r  a io lX o r  I ie to ro p o ly  t e ^ o t a t o  onaLOtio*
2ho tf ia X y tio a l  i J ^ r t z A a e  o f  boteropO Ly a o ld a  a a  io n  o M b m *  
ee^ra e a a  ro a o c p la e d  vbon I t  v ao  o b ao rvod  t h a t  I f  attitflntttta w l j b d o *  
p h o o p h a to  p r o o i p l t a t e ^ * ^  i a  vaahod  v i t h  UiO^ a o l a t i o a  th o
afi^  loB  i s  p o rtioU L y  ro '.jlaood  io n  and  t h a t  th o  vaohod p ro *
• ■ i’r lR c ip o I  Zyp«o o f  U«%oropoljr a o J^ b d o to o
A a tlo  o f 
h « te c o  atoflia 
t o  am a to a o
?v lB el]> aI h e t« r o «  
a to n a  o o o u r r la g
mX<M JrorauJLo
I t 1 2 JOtfiAO AlJPf AO» i^ 9  u« 
a o i ? ) ,  f l *  ite :
i jo r lo a  S h , S n ( t )
• ♦
l l l l y ,  4o« 00
(p o o o lb ljr  d i 2w r lo )
l l t O  . P ,  AO, jf t
•
(poooibOjr < il^ « rlo )
I l 9 Mk, H I
1 l6 U ,  I ,  Oo, A l, 
Or« JTe, ak
r
2 t lS P .  AO
2l1 7 P ,  AO C 4 *
t w t a ^ 2 i i ,  Oo» CU,
’ »» A*
a  f o r  t t i e  tu o i^ e ta to  iA s lo g  o f  thm  OobaLt ( I I )  ooopotttd  I t  boo
boon to u n d
jt
t t i a t  «  «  2«
'
7m tif be o o B v e rte d  t o  orl^^jtool eo^pooXtlOA Igr ta re a to o a t  
v it li  voluticn^v She tix s t  et«4jr ^  Ion «jeMto&g«
on AMP « M  a e p o r to d  t v  teoh«U.<3l coA n o & U e th v a l te ^ ^ *  v a s  
tc m A  t «  b e  irozy s a p o r io r  t o  i» « o a» $ 0  f o r  tlio  • e p o r a t i f lu  t£  a l i c a l l  
oetaX o ( £ a b le  3} •
l a  a  ■»!?• A eta-ii.ea  ^ s c ^ c r t i l  h e to r o p o l j  a o ld  e a l t e
«0r e  p r e p a re d  an d  b a to h  d lo t r l b o t l a ik  • o o t^ io lQ a ta  v e re  ao ao u acd  f o r  
t h e  cOJBiXl a o t a l  o a t l a o e ,  As*^  and  21^ io n o  a t  pH 2«0* itlie e x o h a a -  
g e r e  a to d le d  io o x u d ed  aataonl>in a e l/b d o p h o e  h a te »  o o X /b d o a ro e a a te , 
s K ^ b d o e i lX o a te ^  to n ^ o tep liaB p b a to ^  ttti« i;c toarsQ & atef tu ik j t i t o o i l l a a t c  
oad  o x la e  oo lybdopU eep iia te*  Slie s o e u l t  o f  t b e  voxit smsi be e o a u a r i«  
Bed a a  X qU ovm
4
(1 )  U nder g lv e a  o o a d l t lo n e  th e  i n t a k e  la o r e a a e a  a e  th e  raO ltta  o£ 
t h e  o& tio ft la o re a o G S , a a d  i n  t h e  a t r o i k : ^  a a id
e s isa a lo  ex o h asfie ra*
( i i )  21^ «Ad lo a a  a r e  h e ld  a o r e  atsoB c;!^ th im  oJ,kelX  aetaX  
o a t l o a e  o (  a l J iU a r  a i a e ,  p o e a lh ijr  l a d i a a t l i v ;  aocw d a s s e e  o f  
o ev a len a jr i& t h e  b o n d lm *
( i l l )  Z h e o r e t io a l  a o p a r a t i« a  f d i s to r a  b e tv e c a  a d ^ a o e n t e l e a s a t a  l a  
t h i e  a o r l e s  a r e  aovu  th a n  t e n  t i a e e  g r e a t e r  th a n  th o a e  f a r
* s
( i v )  She d i a t r i b u t i o a  o o o f f i a l c a t e  a r e  a lia o o t lade>>«ide&t o f  p a  
b o t« e e n  t»1  and  4«!>«
( t )  i i o l t i v a l c a t  o a t i o a c  ahoved  a e ^ i ^ b l o  o h a iit^  l a  a o id  m lv k L m ^  
b u t a re  e tro n t;!^  atoaorbed f r o a  a e u t r o l  o o lu t io a a *  idiiJLe
ih iik k  •  3
A4.a trib u tica  doefxiol<site (ikd) and Shoutetioal 
M p a r a t io o  J a o iio re  (c^> i n  0*1«i o u lu t lc n
a* 1 4 ^  /
Uatlon <aoly uu^ nacio >hat«
iid oC o<"
n .* 0 26.
1.7
5.4-
l»0
46-
l.t
jO>^ 250 - 52 =1
260 1.1
6000 J 62 J
f t t r i o a  an<l a e rio a  anp«ar to  bo a]i»orbd<S ao tho trlTctlcnt Xoatif 
eutbcnlao, s iso o a laa  and nloUiua are apparoQlOjr abe«rbe<l as  oot^ole^ 
0 p eo leo ^ ^«
/
Sb« p o x e n t oPiA oC odaJBe oC h o te ro p o V  a io d a  2ias th e  
fiflD om l i&rau,la^ ^  oau b e  one t h e  e e i v r a l
ilc .jan ta  a s  m A lA and I  a  d i f f e r o n t  e io faon t euoh as
iio , V an d  \m Mfn:vif e tu c ila o  o f  g c tio o im  ta n c o to p h o s r /h n te  (a2V ) 
x e v e o l t h a  s t r u o t t t r e  iH is u re  %) in  a h lo h  a  to t ro h e d ro n  i s  
oiunrouadad tagr o e ta h o d ra  t o t a s n  m  a p p r o x i m t e l /  i ^ h o s lo a l
m liM  ^  s h a r i ik i  oiqr60<» a to a o *  ihxi s c y e t a l  l a t s l e e  o o a ta l a s  acmy 
sttoh  s p b e r e a ,  v i t b  o a ti iA S  oDd m t o r  a o lp o u le s  c l t u a t c d  in  th e  
o a 'v l t i e s  b& t«a«n tb e a *  B oth  o a t l o n s  an d  n a t c r  acilciOuLes act) f s o e  
t o  laove a i t h l a  th a o e  O n v l t ie a  iX  a o n e ld o s o tlo t ic  o f  a i s a  p e e a i t*
Xtmo pcsalttln^ ejrohoi^ ocf o a ti4.oa batiNicn the 02:7cta l and the 
aaetarnca oulutltin iiU^  tones^  the tmns^  aanorcaeat eatlmss MOb*, 
Ca^ ,  X3.^ « and oz^enla hnaea auoh as qulnaljae ase lor^^
anouuh to pooh otahljr into the atruota^'o and lover the Xattioe 
MI0 Z1 7  euf 1 iolentljr to^ora on insolttble oi^otol* Oolto contailnlns 
ether a lk a li aatol •atlono are maoh aoro ooluttLo and ore fttuniitalAe 
fo r  eanhon i^e purposea*
Zho Io n  eawhePijo b e h a v io u r  o f  iHSf i n  fo u n d  t o  be th e  ao>:w 
id ie th e r  i t  i s  p sep a x e d  bgr d i r a e t  p r e o i p i t  cation o f  th e  a a l t  f ro ta  
a ix a d  a o i /b d a t^  an d  p h o sp h a te  aci>lutiflno <nt bsr a d d in g  SSL^Bkt^ a d iu *  
t l o n  t o  t h e  f r a a  a s id *  £ha tu n ts s to p h o a p h a te  eoid aQ O jrbdonraenate 
show lo Q g e  v iu 'i a t i o u  I n  a»;pSttru&oo and  i n  v a lu e s  o f  &d f o r  v o r io u e  
S a t io n e  when f^ e p a z e d  i n  d i f f e r e n t  i r ^ g *  Ju-rojr photo^^ra h s  sh o v  
t h e  p roseno t! e f  t h r e e  d i f f e r e n t  s t r o o t u r e e  i n  vaxyiB t; p r o p o r t io n s
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Fig.  1 C u b i c  uni t  c e l l  of  t h e  t ung s t o p h o s p h a t e  
a n i o n .  E a c h  uni t  c e l l  c o n t a i n s  t w o  
( P W  12 040)^ P o l y h e d r a  f o r m e d  by 
s h a r i n g  e d g e s  b e t w e e n  W O e o c t a h e d r a  
l o c a t e d  t e t r a h e d r a l l y  a b o u t  a c e n t r a l
P a t o m .
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I n  t h e 60 tw o  odLto* iitiOjr ono t i i e  o ti^ io tia ro a  toe iac  oap fiu lc  o f  
t tn d c rg o ia c  •xohooco*
13a e  i ^ t t i « o l a « d  end  ik o o ir la ^  shoifou w»rp*
tio o  uapckalLts lo r  oeeim i aad deoon8tratc<i I to  adSQOate xoeiotafio« 
to  d«crr3datl<n l a  ocld lo  soltttiuoa* d* £iult ^  stadi^id 
th e  a o rp t io B  o f  aonflrvaXont o a t i o n s  a t  tx s o c  o o & o c n tra t io n i  i n
ODdla a t pU^* Zhair proparaticns of gavo ttie eeXeotJi^ 
▼ iV  oe<|ttoaoo,
*a* < JL'*' < ak* < Ja^f
2hii3 aeque&oo I s  tb a  a o y t a a  t h a  o r ^ r  o f  o a t l o a  o x y e to IX o -
I
^ ra p b io  z^adii*  g u ^ t a t i i p t t a y  t h i a  ifi t l ie  9& je a a  th a  a e X a o t lv iV  
a tq u en o o  o t tlM  f o r a  o£ i^veaH K ) io n  «Kolten£6 ro o la *  Q ttantit{s* 
tlT a .ljr th a  a e p o r a t io a  f a o t o r a  a a a m r a d  f o r  t h a  Ailil* v a re  auoh  la s f lo r  
th a o  tiio ao  foun^i f o r  i)o«ex!-£>0*
Von 4i« tisklt a t  c i . a l a o  i c v a o t i c n t e u  th e  a o r p t lo a  oad  odpara*  
t io B  )«r lo a  aaah an g a  a h ro o a to g ^ a p h f  o f  a a o x o q u a a t l t l t a  o:^  th e
ii* * , *■*■, it**, am*, 5»**, fi***, oa**', I* *  m i
u ? *  Ofx the oalUiJDS oi v ith  aabeatoo aupport* IIuqt have aioo 
tttlXlaed the atsootii/ pvef n o a t ia l  rt>teatltia o i  ooaiua oa the l»o8ia 
fo r  a  ItkCQO 0002.0 ,  aW  Io n  aaohixk^* prooeoa fo r  th e  v e o ^ ^ z y  of 
ocoiui»M57 fro o  fiaaJLcn product vuatea^^^^*
2f
Vaa <i* iA iit a t  a l«  i n t e r p r e t e d  th e  {^rittu i a o rp t i^ m  i n  th e  
l i £ h t  o f  « o rk  done OeaUr e t  a l « ^  on t h e  o o o s y c tQ l l i a a t ig n  oad / 
o r  Io n  aaohan^'o seoxgr G t o l l l s a t i o o  p r e p a r a t io n  o f  a  T n r i e V  o f  
n e u t r a l 9 e o id  ea<i d o u b le  a a i t o  o i  tu a c a to p h o c p h o r io  a o id  v i t h  a
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• D le o t lo n  o f  aaao *9  and  t s l T a i e a t  « a t l o n i«
The  p ro p o se d  o e e lia n lo a  la v o x ^ e e  a  o ia ^ ^ o ^ e tc p  o a t i o a
esB h a D (£ O y
♦ *“5®*
wHiah  e l« e  « B o o m t0 f o r  th o  o b o tr ro d  dopcacteaoe o f  t e l a a  e l a t i t i n  
ott Xaa O Q o s« a tra tlo c i ond/or
'
Beoadbonk a a d  e o M r lc e r o ^  o e p a ra to d  a  a l x t a r o  o f  tm o o o  o f  
00^ t  on a  afaaULoii bod o f m ^ p o r te d  m  f  AXtor
p ^ o r .  s r ^  was d a t e d  v U h  0 « ia  an d  v l t h  IK au g ^ f Qm^
«a«  r o t a l a e d  on th o  bod*
ZiM d o a o n s tc a tc d  iu n  e*obant.o  O f lp a b i l i t i o s  o f  Aiff batvo uooa
a p p l lo d  io  tb o  d o T o lo p ao n t o f  o i i a ly t l o a l  a s t l ia d o  o o p a ra t ic n  and
24d o te r t t i a a t l o n  o f  o o d lu a  and  p o t a o e i a a ^  aad  oo^oraL  r a d io  naoJiidoo
i n  v a t e r  a a o p l o o ^  iao lud la^>  o c o la u » l3 7  i n  b o th  f r o o h  m A  a e a  
mlm29
i i a t e x a ^ ^ '*  Z h la  Xair^v eanhanc*  ohxoaatoippaplgr a e ttio d o  atJLLl* 
a la g  M  aa w X l a s  o th o r  h o to ro p o ljr  a o id  a a l t a  hdtvo a lo o  been  
i o T O l o p e d *
K r t l l  end k o n r la ^ ^  fo u n u  t h a t  ttfcciir o n a ljr^ed  a2? n r c p a r a t l u i
^  •  b ib b e r  o o ^ o o ily  f o r  O e a iu a  
aad  bettor a o ld  o t a b U l V  ^baa tbolr aHP proparaUon*
L j r t U  lo g a rd e d  tb e  o o ld  a a l t ,  i « l 4 ) 2 * i |J '» i |2 0 ^ 3  ^  a  a l J r t u r e  
o f  ftbo t r i a M n i u a  a a i t  and  «bo f r e e  a c ld ^  lie  a lo o
p c o p a r« d  Io n  e je o b a n ^  o b ro n a to e D ip Iv  oolttODO o f A2P p s o o i p i t a to d  on 
a o b e o t o i ? ^ ^ ,  f o r  e i a t l o n * o e p a r a t lo a  o ^ r l a i m t a  v i t b  c a b ld io n  and
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oeftLoa, In both tra e*  and latfiSQommmto,
abA vl% h ciix%U3k98 • ?  tr a ffo  tuA
lA  another eet «C exporioBii^s^^t liUetU aoA kjeltrf |p««pave4 
th a  aiiEod l i s t e r o p a l^  a tx ao n laa  ao ijrlN to tu& gotophoophate  s a l t a i
^ 4V  *^®4 2^#55S * 45®^ 4^ '^ ^4o 3 * ^*5  Kg®
/
" ^ V  ‘ “ 4 >2 . 58^ U 2 ff'^ « ‘«®4 0 3 * ’ •* V
W“4> * ^ .s a & ^ ‘^ " 4»4o 3 .  S.7 V
acoadkoD k m a  e o v o O u r a ^  p iep o seA  M r  anfi «h« a o n a a p g a d lo e  
p o ttu io iiu i v u h id i a a ,  o a a io a  w d  uono«» d i - ^  t r l ^ ^  a i d  t« ts a a » t l^ l« *  
asn o B ltta  A ll v a ra  fouB d t o  ba a s e a n t i a l l y  in a o la b la  l a
n a t e s  and  d i l a t e  Staeaa S o l to  p a x fo v a e a  o a  a f i l o i c & t  a o r b a a ta
< o r  t r a 0 o o  Ja*^, • d  lo&a^ b a t  a o n e  ap p eased  t o  o f t a r
a o r a  attvontaffoo th a n  AMP*
M iro ra l hanrc d a v a lo p a d  th e  te o lm lq a e  th i n
lajTM  io n  ejKohan^ ja  ah zo m to tp n ap tg ' on ^ a p e r  lE^cci^AatGd « .lth
am i a  s e l o o t l o a  t f  o th a s  h e tc r a p ;^ ^  e n a t  oo.
ti»>i p la t a i i ^ ^ .  a2F h a a  b aaa  o a a d  t o r  t h a  l a o l a t l o a  o f  t M o s  o f  
o a a ia a  bar a o a v o n ^ c r  o o p r e o i p l t a t l o n ^ ,  20 d i f X a rc n t  h e t e r a p t i j ^
ao d « b i& iu y , m a  taz& azy a U a d  h a te r o p o ly  a o lu a  hatro b aan  a i a i l& r l^  
uaad  f o r  t h a  • e o t u a ^ r a n c i u a  p a ir ^ ^ *
th o  a a r l i o r  v o d t op t o  1962 o& th e  i ^ n t h a a i a  « d  lo o  ezo iiaftje  
p r o p a r t i a a  o f  h e t  sopo ljr a o ld a  hoe been  aw aaariftad  by A % h la t t^ ^  l a
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liiB  e ia ff& lo a i book "laoissaiu io  lo f t  fc«ohtB»gT«*» *Sh» zelovMi% I X te s a *
t a r o  l a  thXm  f i e l d  tv o «  1962 t o  1970 b a a  bc«a  v « v lo « o 4  1v
an d  OLoatf i e l d ^ «  Tbo voric d o o e  i n  t h i s  o r o a  e la o o  1970 i s  c irm x
#
la  SabLo 4»
♦
A otodir «< tb o  l l t e r a t a x o  'eurvoT  o i t o d  abcnro above t b a t  a o  
vwsiK b a a  j o t  b««a done <m Sla(ZY } M a ^ b d o a iX io o to *  ao^oo^ t b a  
p s o a « a t  p io o e  o f  «orlL w\B  a& dostal»m  t o  d o v lae  aat^iodfi f o r  th e
a T a tb e c d e  o f  I l a U V )  a o i j r b d o a i l i e a to  «ad  t o  s tu d y  i t *  d i f f o x o a t  
p r o p a r t i c o  a a  a o  tb o  a o p a s a t lo a  po t^atiL al.*  Ao f o r  a a  o i7 stfii»«  
X ia* aiX iooaoIjrbuX c a o id  i s  o o a o o n o d ^  a X tb o u ^ ,  I t  iiaa  booa a;w *  
tb a a ia e d  aony v ^ ^ c k o r a ^ ^ ^ ,  b o v tv o r  I t e  l e a  oxobooc* p r o p a r t i o a  
Have a o t  bc«a a ta d io d ' ao f a r *  fb o x o lo re ^  tb i  ae  a to d io a  oa  tb o  
a j r a to a t ic  aflaU Y ) a s O jr b d o e i i la a ta i t f i  b s t o r o p o l /  o o ld  a a l t )  a ad  
o iq ra ta L U a e  a i l lo o a o l j r b d io  a o id  ( a a  b o to ro p o ly  a a id )  a r e  p ro a « a to d  
l a  tb o  fo IX o v la o  o b o p to ra*
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She p ra e c A t s t a t u o  oC t l io  (^ rn ti ic t ia  ia o r o a n io  Io n  ezo h aa^e  
aaterioile le  cio« to  th « ir ixojsiam applloaialo j^ te t it lr a iV  ^  ^  
iij&lAe o£ o( d io la e , «nez^ roeousoee t&Qoyrmry tmd In th« p o llu tioo  
abot«Kittt«
*  I
Xt l e  on la te re  otio-g foatttr* at tb» Ifecteropoly aold derivo* 
tlT ee  that th o lr  psop«rti«e aro dif£«r«ut l^roa tiiooe «t tho eliaple 
Qnite tvoa uhloti thi^ mc/ b« fonaed* £»oacti.:^o tbeoo desiTatlToe 
ahov euporiorlty  ovor t l ie lr  sloi^Xd • a l t s  m tli m i^ o t  to  th e ir  ion 
B3s»lM^o 0Qpa0lty »  therool otabllltj^  onU M lc e tiv it^ *  Zaerefore, 
the invecjtl^aticii of taese  derivo«iTes hoc brooch a ourrent f l e l c  ol 
reeoojrah*
gBumahl. e t  aX« have b e a t  X n ire e t io a t ia o  S ln i lV )  d o r iv a t iv e o  o f 
^ f e s e u t  h e te ro p o ljr  aoXtie tanci hav e  p u h lio iie d  th e  a tuO i.ee  on th o  
orsTotaULlae £ la ( iV )  YaaQd<^hooi'>hi^to% SIa U ? )  •30l^£>ci&are«iiate^9 a&d 
Sla(XV) tu n a s to a s 'o e i ia te ^ * ^ « &^»a« i i a h i  an^  o o w r& e rc  have  « ta& le£
SlaiX V ) borato£M»X3r&*t^^*^* Varsim^jr flAa ^Jioa hi^Te r e p o r t e d  t h e i r  
f t ti iS ie e  on 2 in U V ) a re o n o p h o e p h a te  •  She iu n  e s o h a o ^  p r o p e r t i e s  o f 
£in(XV) ao iy t> d a te^* ^  and Sia(XV} e i l i o a t e ^  have  b een  d e s o r ih e d  Im t 
no  v o rk  h a s  y e t  h«}ea dflne on 2 llA (lf)  aoX ybauaiX iO oto* She p re o e o t  
s e p o r t  e u t to a r ls e s  t h e  a ^ th ^ ^ a i s  end ax^alytioaX  u t i X i t /  o f  Sia(XV)
ao2jrb<ioBiNU.oate« l%m io n  9wab«uki^ p r o p « r t l« e  hav» b e e a  eoqpozroC 
v l t h  %ifioe» o f  S i a U f )  aoljri>A*t<i^*^, £ la U V ) e l l l o a t # ^  o t iw s  
SlnUV> ezohaiitfftrs*
M  i i n n B l a
ivtanikio th X e r ld *  pcatak\rdra% « i f i iB r  CtaeuiiSaL Oo*,
PhiXXipoiwrgi^ Hov Weriqr)y &o«iAiia dilqrdsate (Vob Jo&a
PhaCBt OeriBMiy), a o d la a  s lL iO a te  ( ^ d « l  *m AH^ ae rao iijf) end
t i l  o%h»f s o a g e b ta  n eed  v e r*  o< w » a X /tio a I
i l B t t l l B f t
£Iioo iHKi«3L 1*|«I0S i>u«a0ttts t o r  ptt^ctta^ttxetattatc  ^ i^pokol a&tt
%
iMi^ iJL,/4 (iUlU) &i>oo%;^boto^t«r to r  o o lo ri^ ;^ rl0 doteraiaatloos^
w
flttffle  ium aoo fo s  liea.% tMat^aon^^ opootroao^i-aOOO fo s  I«M« &^o«ra| 
thosneWIanoo ioff Ohjeoaol-alaalaaL thonioooaplo fo s  Ii«S«A*
flmd B\t^060 u a it  fo s  JCmrqf diX>> BaatotPNUM w r c  ao«6*
aiioliteti; «ttO poiBforiiod v l t t i  m iila o  % eaperattu?««oontrfliL led a tu i^ r *
34
flf Tinatl attWI>flo«llioate
Om%A otaoBlQ oliLoxld« (2  v o l) was aA<i«4 to  ft o le a r  a o la ti« i 
ooatniaiac 0«1H oodiuA (I toI)  and 0«|M eodlaa
i  1 VOX) •  fiM  pi4 9£ tiM  « U t a r «  «»8 n o a s ljr  t  •  itti ova&i^e / • l l o v  
•olouxeu ^oXetlAOoo pxeoipltnt* <tf t la ( lV )  ool/bdoeil4flat« ap^«arti^
Q^lac 0  ^ ttU« p««olpi.ta%e lo r  5 boaro 1% vac ro fltu ed  in  the  
aotbftr l lq a o r  fo r  (  hoava a t  79^U« itf ta r  raflttxlUG th e  l i ^ h t  y e lld v  
p se o lp ita te  nae alloved to  s e t t l e  f  or houre* She p se e ip lta te
t i l t e z e d ,  «a0he<l itlth  decaiaerallBed im tor t i l i .  the pu of th e  vaeh* 
Itte «e8 ^  6 M e d  a t  40^0 in  an e ie o tr le  oren* Sae l i ^ t  
/e i lo v  d ried  prodaot vaa i^^uaeraed in  deaiaora lieed  m iter «hea i t  
araohed to  am L l iprcoale^* I t  «as selvod to  a  10(>*200 ooeh oiaa 
and i i ^ r a e d  in  IM n i t r lo  aeid  to  oon^ert i t  in to  the fora* the 
iouorain^ aoid «aa r e p l i e d  aererai. t io e e  v ith  freeh  m  n i t r io  aoid 
t i l l  a  ooiaplete oonvemicm «ae iMhleTed* She iK iteria l «ae Xinalljr 
vaahed with deaiaeraXiaeu v a te r  to  reuove eiraeaa aeld and dried a t 
40^0* She ^rntheceB oC Sin(XV) aol^todoaiXiOate a a a a e e  a t varioua 
eondXtiooa are reported  in  £«bie 9 en^ th e  aai^ i{»le l2o« 5 hne been 
aeleoted tor i t e  detfiileu  e ta d iea  dae to  i t s  hi^;heat ion eaoiiap^e 
«Od>aolty (0*69 anu the h i£ ^ r  yiftld*
ftMftnBi.g gr.riiiB;kly
Xon e m h a n c e  a a p a o X tie a  o f  aXX th e  aaa^X ea v e re  d a tiu ^ a iaed  ligr 
th e  O Q ium  o p e ra tX o s  a e th o d ^ ^ .  o«$ «  aC th e  a a ; ^ G  in  t h e  f o r a  
« ae  tafeen i n  t h e  eoX tun and  th e  io n a  w ere th a n  eX ated  v i t h  0«5U 
a o d ia a  ah X orlde*  2ha io n a  t t a e  eX ttted^ v e ro  th e n  d a te r a in e d
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aonaiftlons oT prepam tloa oa^ X014 i&3nb«s^« ^ a e i t y  oi SiA(XV) a o ^  i 
todOBllloat* saaplo**
She voafionta «or« 0«1ii SAetuaXa iStlorlsim 4 0*14 i»o4iim ooljri>» 
Aftt* ♦ 0«1 ji Sedlua tilX40at« in  the Toluutt r a t io  2t l t l *
liiAiapXe Mo* itejrxttjon^ pa
tltM(haBs)
ipp«araBoe la  
the id'*' foriB
Ian i^ xaiuui^ B 
aapaolty (a e ^ d )
f 1 army 0.49
2 2 Miiti«h O09O
3 5 Wiltl«h g n y 0«60
4 4 1 liiU o ii 0.55
5 « 1 JLieht / e llo v 0«(S
6 12 1 L igtt jeX lov 0»€5
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titri£«otffloalJii/ ttaiu^ stisidavd sodluua lijrdroxlde eolatlcti* £he ion 
•BBhdOue Of^oiOitlee a£ thu •aoplo « lth  AUTfercnt oatiuns trtre de%or« 
ainod in th« saac toi^in^ 0*5 6 of the exofaumfior in  the fox a
and 0«9fi of •aob eluant* 2h« M oulta are ehom 1a 2able 6«
p t t« t i t r a t i ( A B  f o r  LiOl-tLiuU^ U aO I-C i^u  tsnd o o lv c n t
q/etc>iMi .«»r« pacfoxcaad th« oatbod of £opp nAa l^opper^^* 0«$ e 
of the a w ^ e  in  the il'*’ to m  mo e<|ailiteateti v ith  $0 x;& of tbe 
aoiveat* £heao veauXts are tshom in  jr^uze 2m
a h m r^ ,.r
0«2 ts o£ SiailV) a&a^bdo&iiioato vao kept fo r  boura in t2n 
ooaseme<i apld ocautiuna v itb  in tosaiitei*t ahaisinci* Sbe unOi&ogXTe^
a te r ia l  ima reiauToii* S in iiV ), bdex a^a anci u ilio o a  vare <ieter-» 
olacd isi the f i l t r a t e *  Xi&Utl) mo defismiacd v ith  hemtui^lin^^
md aalyadeiMa «ao dateroinod tyr the ac/ctoac oethud^^ uai&u i^ >ol£ol 
a t 51$ a  ji and 420 m ^ r&opootivox^* a ilio o n  «aa deterai&ed tor 
tike heteropol^ blue oethod^^ uaia^ tJii"Ui/4 a^otco^liotoaeter at 
700 a ; i  rhcoc seo J.to alon^ v itli the resu lto  oi’ varlovus other
anteri/^a are girca in  XalJle 7 *
vH rnaia  k tn iito 4 ly
She ion esohanoO taateriol iiaa heated in the aofi.la fumaoe a t 
d ifferen t tauperatiirea fo r  t hour* She ei'aTeot of heat on tho ion
» r
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lA ik it  •  §
Zo2i ii,»a»utD,s9 v£ XiaClV) M ljrb d o f i i I l9 a t«
fo r  varloiis e&tlans
S»2I0« * U aaat oootf* 
•
pB odT tho 
eXua&t
i^ honging 
aetcO. lOA
ZoB Axohat 
OapaOlt/
1 . AWBioaitta obJLorldo 5*6 K O M
2* L itm a a  olikloxldo 9«4 i,i* OAQ
3* Sodlaa ohlorldo 9*2 ».♦ O M
4 . Po%«it«lua ohXorido 5*5 t * 0*70
5* OoijkeBiMai ailtxato 5*7 0*44
( • UaloiAa a itr a to  * 5*6 o.»* 0«$0
7« ^vQntLvM a itr a to 5.S sat^ 0.55
8« AarlUM u ltra to 5.5  ' 0.57
• Sb« aon«ent»ati^«0 of o i l  th« oiuaate ttoea wore 0*$ji*
3S
m c q . C O H  3 / 0. 5 g of c x c ha ng t r  
Fig. 2 p H - Ti t ra t i 0 n cur ves  0 f Tin ( IV ) molybdosi l i catc
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a t  S iiiiX f)  M jrM o s U ik O a tc  o aa  othm r  X lnU V ) 
t e e « d  l o o  ea »b a u 6 <^rs 1 »  f i iv v n  i a  S a t ie  0 *
cpootra of the sample in  %iM a'*' fosra <irl«d a t d iff« re a t 
t«^p«ratttr«B vero sooardedi asla^' tti« toohni.^« end tlM» ra io ita
ore diova ia  iricure
t h a n ^ S t f f U i e t r i o  o i iQ ljr e io  o f  th e  aatap lc  l a  t b e  f o r a  
«n e  p o x fo r a »d  v l t ^ i  tH o  h ea tlo^ * i^ate oC lO^C/caia w d  tb e  r o o n i t s  a r «  
p c e o «u te d  In  4 «
the dlf:i.'e!r6a t l a l  tbaeaai ooaljrclo reoordec In th e ataoo*
E o l  A j  ttfsinG t h e  o h r o a o I -u L t to ia a i  t h c r o o o o ^ p le  :& d a ltta in a  a e  « X e r e n o «  a a t e x l a l  u n d e r  e o a t r o O K id  h e a t in g  a t  t h e  r a t e  o f  O/rnhkm th e  s e o o l t e  o r e  aho«Ck l a  H ^ u r e  4 *
0«3 6 ot th e  exoheni^er «ae dleeolTcd la  tvdroohXo^lo aoid* 
jtfJULoon «e» cfTanorated ao end thtus i t  «a£ oe. nrated fr o a
Slft(If) Slid wl^odonua* £la(Xf) «ao detenaiacu voluaetrlecU.^^^
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w a v e  NuM6t f t{crn ' ' )
Fi(>.3 t fi S p t c i r j  of Tin ( t v  ) mo l y b d o s i l i c a t f  d n t d  a t  d i f f r r c n t  t e m p t r a t u r e s
43
Temper a t ur e  (°C)
Fi g  4  T . G A ,  a nd  0. T A .c u r v e&of Tin ( I V  ) « o l y  b d o t i l k a t e
MOjrtodouAa voe ' d»t«rajLAe<a g v a v ^ t r i a a X l ^ ^ ^ *
3b0 a i e t r i ^ t l g a  oo«fflai«t)te (Jui) of 16 oatlofte «or« >J0t«c»
•  • * 
lined iA d«a&BeraLlsea water, altrio neld o&a aacaoBlua altsato 
B s^tetae* Slic OMieeiitmtiono all the eatlonlo cttXaticoA irere 
0«001H« JTor this parpoee 0*2 c oC the exohanficr noe obolsca 
20 oiL of the eejitttiim £we 2  ^ lioiti'6* £he aoount of tho OQtloa ia the 
lelatioa me deteraiocd feiy titration nith 0«002^ '2 ethylcaetiAsBine* 
|letraaO<^  tie aoiA (a^a ) aau the &4 yaltteo vert oalouiated £ro« the 
equation ae foUottoi
- i '
“  -  *  i ° _  A / c« 0.2
iMxe^ X ie the Tolooe ef liAA eeoaaaed tigr the erici^Mtl eolation and 
r ie  the vulume oi oonau^ aed aCter •qoii.it^rlaa* .£he reauito ore
E^ ivei. in Taiae 9*
ffUBititatlre ^T^oratioaa
1*5 C of ewethane^ in  the f e rn  was plaoed ia  a  90 s  0*59
IB (i«d*> i^aao  o o lu is  over a  uXobb «bol e«^ :>o.v*t« 2he alxtnny aS 
the m)%al ioua m a  reooroXcu ^  t i ^ a  h e f t h e  elu tion* '.£he teetai 
Iona were then e lu ted  tor eo itab le  elaante* Xhe i'lov  r a te  of the  
idtflaent «ae nal&taineti 1 aL/oin throu^^umt th e  e lu tio n  prooeao* *lie
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iH e tr i t t t t lO f t  C M f£ la la & « s  (k d ,  a L /c i  o f 
Sia(Xf) aftljrbcioftlUyOate la  A:Lttevskt
A
•o lY en ta *
itotAL
Icn (p M .6 )
0«0lJl
iao,(pa-2)
0.001m
mo^ivSbm3)
0.0I«
fiH^ S03(pfl*2)
«• *.*♦ 383 15 77*0 100
2* 0.** 325 17 69*0 95
3. s.»* 287 17 18.0 83
4 . 237 3 7*5 27
9« 160 32 11.5 O.A.
( • 80 33 33.0 167
7. 37 2 2*5 22
6« !!*♦ 300 40 17.0 283
9* 3$ 12 25.0 O.A«
to. 41 0 9*0 31
11. ()»*♦ 0*X» 50 11.0 O.A.
I2« 375 % 400.0 C.A.
13* ^5 0.0 7
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S J i e . ifo ta l
io n (p£M»«6)
0»01JI
M*05( p a . 2j
0 .001A
H»0j(iai».5)
0 .0 1  H
Sa^JSO^ipH.2)
U . 900 25 50*0 C«A«
1 5 . Bi 5^ 1550 «9 42*0 245
1 6 . U»A* C»A* 0*A* a*A«
•  2 )« ila d ra ii8 G d  w a te r  
QmA» •  Adaosrptlon
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xesttltB are pscs€o%ed la  10*
Jiiii
Xt io  ol«nc fixta £abl9 9 b^a% th* pi oS th« aiartuffe niui %tk9 
s e f lo x ia , .  tlsM  o T to o t th «  lo& «aolxMaoe o a p o o lV  ms ««11 a e
the api^acwioe of t)ic a r te r ia l*  I t  oam be lofenreA tliat Inoreoe^ 
i& tiko pu, g£ tikc oixtufre ia^ix^oaea the io a  ejtoliani^e o c^ a o iv  of tbe 
2aoterial« Idiea 0 « ^ e  Ao«1 (a t pft *  1) Ifi »  fXvueed f o r  4 hoiirG ao 
inoce^oe in  the inn eaohonc;® oopaoltijr liaa obaerred* Ihe ion 
aBBr ocitjie ei^>aolt^ tu rtlw r  laosoawea idien the a lz ta rc  4a ruHoiwd fojp 
S boavs tmdar id*jQtio&X oonditlona* Ho«(?T»ry fa rth e r  iacsreaaa In »p* 
TotiuKiAc t i o 0 ^.oea aot a ffe o t  the Ion exahoaja oapaoit^ o  ^ the 
siateriaX* Lappio lu«$ haa heari ohoaen tor  d etallod  atudlea heoaua^ 
9t i t a  hXiJk apparent a t a b i l i t y ,  eonaiderahle ion eanhan^ e^ otiipQOiV 
(0*69 sM»q/g) end th e higher jriaXd*
S a b le  $ ah o v e  th e  io n  entkan(i;e aa{>aeity  f o r  a l h a l i  aaad a lk a *  
X ine a o r th  B9tiU. io a c *  2ha t r e c d a  f o r  th e  v a r i a t i o n  i n  th e  io n  
aaohaooG a a ^ o o i t /  a r e  d i ^ f e x r a t  i n  S in U Y ) a o ljrb d a te ^ * ^  and  fin(X V ) 
noX ybdooiX i'aate* Xha io n  oaehant^e a o p o o ity  d a t a  ahw« t h a t  t h e
eao h ttrce  o f  UmB  ta iio e  pXooe i n  th e  h y d ra te d  en d  t i ia  u n h jra ra te d
i
f o c a a  o£ o o u n to r  lo n e *
p a - ^ i t r a t i o n  o o r r u e  UX«:ara 3) o f l i a U V )  oe>XjrbdoaiXi9ata 
aho«  a o o i i n t e r e a t i n o  f e a t tu e o *  (£he u p ta k e  o f t h e  ira'^. io n  i a  h l i :h e r  
tlu g i th f i t  o f  t h e  IL* i o a  a id  th e  itX* io n  beXov pH 4 • f h a  a p ta k e  o f
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iieprxatitons «ohJL«v«d on S1»(XV) aoljrMo*
Ailioatft Owl am
■
Hlxtiur« loaAtci Uati«jn
«lut*d
JUaanl
loaded
(m )
Aaotut i!.sror
W
t* as®* A 501 *0 234.0 -5.65
*«*♦ M 165.0 157.0 -5.68
2. A 501 *0 286.0 -4.98
oa** II 2B1 .0 295.0 H.srt
«*♦ A 02«4 95.0 ♦5.16
' ix ’ * B 67.5 65.0 -5.70
*»♦ A 82.4 97.0 ♦5.58
«!*♦ £ 146 .a 154.5 -6.51
w . A 32,4 76.0 -7.77
1 165.0 155.0 -4.91
S. n ? * * a ? * A 05.a 79.5 -5.15
Al’ » . a 67.$ 64.0 -5.18
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jJLin&ktL ** if l)
S*Xo* if i jc ta re  lo a d ttd  N a t io n
^ u t « d
JEauant A»9unt Amount 
lc a 6 * 4
i!U )
£9Tor
f* *
8«
Cd**
A &3.B 76.5
B 1 6 9 .0  m . O
87*6 80*0
2B1,0  290*0
- a , 7 i
-5*68
H .5 3
♦?«20
•  ■ A ll th «  o a t l o n  B o lu tlo u e  u se d  M i .t  0*001il
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Iw i ctfid the SL* le a  l e  a la o ct gs««tcr than tii*
lott in  th« 4«-B» £hXo oonelasioa id aXso ooa^iraoii
%he Xcm •»hoat;* 0ap«oitjr data (Saule 6)« UoiMrrery a2»«mro ptt 3 tJi« 
iQ>taJi4> ordar beouAnae ina.^  > iSio pii«^lts&tioii ouirvcs
zoTeal thB aonoitouitla,'A«l b^hhTlour of S1&(1V) ooljrbdoallieate •
tt» ohcu loal r ta b l l l t iy  oX 2inUV) aoljrtKlooi.i.ieat« has be«& 
Atteznaiacd in  d lffo s rja t so lT «nt0 ao ahom  l a  2 i^ «  7* Z1&(IT) 
M oaiX ioata iroo ITouad to  be q u ite  staiitXe ao ea^^oved %c Sia(IV) 
▼attndophoephate', ZiJi(lT) aoljrbdearaeaiite acid 71a(XV) tua^etoav*- 
a e n a te ^ *
A oafi^arloorA of the ion esohai^e oarftoltlca a£ d ifferen t 
Sia(IV) baaed Ion ejtohe&^ese a t d lfferoot dz^lo^ teqperatares la
ohcw la  2oile 0* ^he Ion eaohcAiiO oapnoltlea of a l l  the eaehaasevii
\
deorco^ «heci tho ds^lng t^ ipctu to re  Ic laoreated* jdovoroi^  ^ la  the 
oaoe of i^iaUV) asl/li>doelllOv}.te I t  lu  found th a t I t  ahovo a ooool* 
d e ra te  la»voB»9 la  I te  Ion ejBBhoads oa^ooltjr fsoa 0*6^ laoq/i; a t 
40^g to  U20 aiK|/4S a t 8a«>%«
She l»d* epeatsa U l^ore 3) of iiaUV) acOjrhdoaliloate la  th4i 
fo ra  hnTe 1>eea seoorded a t Tarloue teaperatarea* 2he l*u» apeo« 
tra a  of the ba£^e a t 40^0 ahone three etr<Mi  ^ pealce in the re^jloao 
M00-a05c» oa*^, 1730-1580 oa*' a&d 1200*1000 o a * \  2he f l r a t  peak 
la  the re«l<A M00«2B$0 ouT  ^ le  due to  the «u4ol ae «eU aa the 
l^d rai^ l ^rottpe* She ooooad peaii in the rcgioA 1730«1590 aa*^ v lth  
a aa«ia»a a t 1620 oa  ^ mety he doe to  the atrootorfd imt«r X301couloa« 
She th ird  peak in  the ret^oa 1200*1000 osi*  ^ aajr be a ttsibated  to  
the aoa^b<i{fiiac»-hydro3Qrl bond* Uovever, no ohoage in the apeotcjR 
haa been obaecred apto 800^0*
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She S*w*A*'aild th *  oui*T«« Of Z ifiU T ) ao U rb O o sU lo a t*
a s e  shoim  in  4*  ?ho v o l ^ t  l o s e  I 0 o M o rro d  f r o a  50^Q lAiioli
• o a t in a c o  «p t o  800^U« 2hlm  u o / bo eP rl« B c6  t e o  t o  th o  lo e o  o f  
ox tffnuy . Wfctcr a o lo o u lo o *  An oiMi^^thectalA pook io  o iioo rved  l u  t h l o  
r c i ila n  i n  th e  oianro vtU oh ocm £ii iob t h e  v e lo h t  io o o *  U^weToci
a f t o r  600^0 th e  v e i^ h t  b«ooaoo o o n e ta n t*  I t  oo& bo in fo n * o d  t h a t  tlfo  
a a t o r i o l  i o  ao« doooopoood and  no  o t r o e t u r a l  v a to r  ao loouL oo  a ro  
l o o t  In  t h i o  ca£K^ o l t c i ^ o r a t o r o  o ln o o  £ia(X V ) a o l / b d o o i i i o a t o  
s o t a i a o  t h e  osohci:i«;oatao h y d r o ^ ^  io o a  op t o  800^0 (SahJio 0 )*  T h is  
i o  a l s o  ouQ ^iraiod Hjjom t h o  o ^ o t r a  3) lA io b  show no
ohc«u;o i u  th o  poe^t; oboci thm  a a t e v l a l  io  h o o te d  a p to  800^0*
The o h o a io a l  o o io p o o itio a  o f th e  o o o p lo  ohovo t h a t  S ia ( l¥ ) p  
ooljrhdonaia one oi;jL oon ave ir^ th o  o o ie  r a t i o  odC 4 t t i 2 *  Howovor, th ir 
d if i i r a o t io e .  p a t t o m o  o t  a l l  th o  oum>loo f l ^ th c o i s o d  n n d o r 
d i f f o r o n t  o a o d i t iu n o  ahov  oc  aoorptaouo n a to r e *
Zho d i o t r i h o t i o n  o o o f f lo io n to  ol’ d i f f e r e n t  a s t ^  io n o  In  
d o a l a e r a l i s e a  v a t e r ,  v a r io a o  o o n o o n tm tiu n o  o f  n i t r i o  n o id  add 0 * 0 1 f 
o » jo n iu a  a i t r a t» «  o /o t e a c  a r e  o h u m  i n  £ a h le  9* I t  i s  o lo a r  f r o s  
th o  t a b l e  t h a t  th o  a d o o rp t io n  o f  th e  a e t o l  io n o  d o o rcaco o  w ith  an 
iDOVoaoe in  n i t r i o  a o id  o o n o e n tr ts t io n  oo  a o o a l*  ttuverv:^, t h i o  
e fi^eo t i o  o o ro  pconouaoed  in  th o  oaoe  o f  and  Al^*» Sho
&d T aliio e  a l ^ t  d ro p  t o  a e r o  i n  0«f«4 n i t r i o  a o i d .  I t  i o  in te ro o t< »  
in ^  t o  n o te  t h a t  th o  a d o o rp t io n  o f 9o i o  l o v  i n  d o o in e r a l i s e d  
v a t e r  b a t  i t  i c  lo a o  a f f o o te d  idi«Q t h e  o g iw » c a tra tiu n  o f  n i t r i c  a o id  
i o  in o ro o o o d *  I t  io  a lo o  i ^ o r t c n t  t o  o o o p o re  th o  a d a o rp t io n  a t  
a o t a l  iouff i n  d o n ln e r a l ln o d  v a t o r  and 0 « 0 lil aacaoniua n i t r a t o  egfo^ 
to n o *  Xho 00J^;»arieaKi ro v o a la  t h a t  i n  a o e t  o f th o  o o o e s  a d o e rp t io n
! •  t t l t lM r  1«*8 a ^ £ e o t« d  ox n o t  ntt99% ttd  a t  o i l  (o«4;*9 i i s i^ ^  O o ^ p  
and  i ' J ^ )  i& b o th  tb o  o y s to o a  o m e p t  i n  tb o  oaac  o^ utieso 
JUi TaJLiio i s  a l a o o t  a « ( ^ £ { ib lo  i a  0»01H aaao a iu A  n i t r a t o *  fio n o iw r, 
th o  a d s o r p t io n  o£ I s  ro i^ / h i n t  and  i s  n o t  a f f  s o to d  e r s n  ^
0*01 ^  a i t r l A  a o id *
t h i s  d i f X s x o a t ia l  a h lO itir  f o e  t h s  aptoii.e o f  o s t a i  io u e  h a s  
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v a re  e i ^ o y c d  f o r  t h a l r  a o p a ra t lo n a *  Z t tra£ fo tu id  t i i a t  a^TorfO. 
Bepa3^%l£ma u h lo h  v a re  d lf^^iouX t on u ia L a r jra ^ a tc d  p a p o re  iie re  achit^v|-> 
ed Iqr a a ia ^  t h e  lo n r e f ^ o te d  pKpmra* Va^;aar and  Lehsxum^^ hcrve a a e d  
■ a tu r a ta d  aoXtttl&o o l  o o p p e r  io d id e  i n  / ^ e t o n i t r i l c ^  e a t a r a t e d  eoIo«  
H o n  o f  EK»<iia« O o rb o n a te  i n  v a te s  foX lcw ed )v  U V -ra d io tlo n  f o r  t tw
dateotion of hoteroo/ojLlo nitro^et; oux^oundo tn^  fluorouotnoe* Uoe
/
of the aaturatcU aolutioo of phoephoooIjrMio aoid In mitor^ in aoot 
Of thc! oacc,a proved to oe ooi l^o£MiutfAiv ^etcotor* i^erofore, tUece 
Iwo deteuto^*a «asc> need in our en tire  uouroa of etudy* i'roa i;lLXU?e
I i t  la  oieor tha t aaxita«i3i number of aap&ratl^na oai^  1»c aohieiFed in 
lon-poXar soivenvo anc akaimm nua'dor in aoidie eolvetita* fo r exiua* 
l^e^ 10 h if ti^  ao^aratlui^ and 6 teraai^' acyarationa vare aoliieTed 
la bemena aolfent «gretca vtxiie o ^  3 hinox^f and 2 tecnaiy aopora-
81
%laa» vtre ailJLvTeGi ia aoldlo •olTont oyster* iFl<^ ur« 5 a lM
O a te s  th a t  aobdLH ty ^  l o l t T O l *  aftd f i « « t h y la o r p l ia ] . i i ie  l a  ire ry  l o «
Jn  onsaA lo  a o lT e n te  l a  o o a tc m st to  i» ob«nM n«  and  e a llx lA *
9« o n I l a r  o h ro a a to g ro p h lo  b cb o v io o v  o t  q u iaoX ln*  stay ^  a t t v i b a t e d  
t o  I t s  Xttood rla^s CQTstoa* f jr r id U io  and  I t o  d o r iT a t lv c a  flhev e i o i *  
l i i r  O eluiT iour idkloh l a  q u l to  l o g l o a l*  Stat c e r a t e  c(iTe r e l e v a a t  
l a f o r s a t l c A  a b o o t a o ro v a l b ia a i^ ' and to2»ax:r a a ^ a ra t lo n a *
Zlie nejc t and  porlu^pa th o  a o a t ,  i a p e r t a o t  o e p e o t o l  tlU .e vD£k 
« aa  to  a t t e ia ^ t  a t  la u a o r lo  d I f X e v o & tia t l ia  an<i t e r n a r y  ao p a i- 'a tlao a  
v h lo h  o o u ld  n o t  bo dona on  o n io p re g n a to d  p o p fro *  i io p a ra t io n a  2,  
4« ^ u t id ia «  f r o a  2, 6«^uutidiito  mac o tioooaofuIJs/ a o h io ved  oa  tb o  
a a to d  p a p o ra  in  b u ty la io o b o l  ao^ th o  a o th o d  oaci b f  uood  f o r  th o  
d i f X o z o n t la t l iA  o f  th o e e  la o (» .ro  on th o  b a o io  o£ t h o l r  V eauoa 
and o h a r a o t c r l a t l o  Xluo]ro<ioaooQ« A ^urtherauro^ ucno  oi  ^ th o  toxnaxy  
a o p a ra tio B o  eouJLd be oohloY cd ou th o  uuifiipceip iated  p ap e ra *  2ho 
o tz o n e  In fx u o n o o  o f  vaslo ttG  o a t lo o o  m a  a u lo n a  on th o  dg ▼ aluoe 
o iA  be r e o t iX le d  ooXT«nt o x fe ra o tlo n  aiunt» u h lo ro fo ra *  ih o x e fo ro ,
th o  a e th o d  do<roJl<^ed can bo o u o o e a a im iy  u aed  l o r  th e  o o a l t o r l n c  o f  
th o e o  b lo o id o o  i n  aoa^iXoo o£ a i r ,  a a t o s  and  a o l l*  S h io  e ^ th o d  «ao 
ro u n d  to  be s ta o o e e s f ta  f o r  th o  a n a ly o la  o f  e f f l u e n t o  o f  o i l  r t i f l *  
aoiy •
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1* ' QoofAkl^ B*S« and BoXaXam  ^ A«iUy
l i a t c r  SMe-SOIL, 0 3  (1 9 3 1 )
2* g o v o s ii l ,  Am% gw eesb ly  P»H« o»d a m a l a a n ,
W* iflqttJLd C S izoaa to^*^  7 f  1219 (1 9 8 3 )
g o x te h i ,  » • !  g n r ^ a b i ,  p»a*  a»A iU i« iB a ii,
*ii U6V m tk u id  £ m i tiM s e lc Q t lv e  9 p « o tro p h a to cM l;i:^  
d c t e r a in a t io a  oC (0 o a o m iio a tQ 4 );»
S a l o n C  G o t l a n d )
4« (jA seehl^ H*f <)apt«, Adii»«; iU s v l ,  ««A* a&d Sluuuicu, fi.A * ,
«t9 n th e & l0 epd I o n  h m h r n u ^  p z o p « r t l e e  a< th e ra riL ljr  s ta U io  
tfkd t to r iu a (X V )  M l M t i v e  21a(ZV) o o X jrM o o l^ io a te  i  J M p a r i*  
son  v l t h  o tiw v  > in (Z ? )  b a a td  lo a  eanhsfi|E«r«*9(iJoasfl» ioatG d )9 
4««0«lVD £ o ^ m V 9  (U«UA»)
5« B roiB xis^ , U*y
" X o x io lV  ^ t a i b c l l o a  o f  l a U a s t r l a l  M lircA ta*
^ f t e v l e r ,  U.&i.A* (19«$ )
< •  B sa rd f  d.»Hm m d  S o e ,  J»S«p
Z iu l, ivyg, SexiO Q l* , jgSl, 919^ (1 9 3 1 )
• •» «
7* V attSy am dtXJk  &•»
W x j r t i o o l  a » fe r« a « «  ;^-t8ad&r(ia m d  a a p p l c a n t a l  i«%« t o r  
?«Q tlo i4 i«»  aa d  o tta« r orgaaulo U»s«A*9
(1 9 0 2 )
<f
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*Ctir9fiiatO(;rttpMr% 2aA •d a « y  jk lM Y le s , i 1 ^ >
♦  -  * *
9* ^ ^ r e a l l  o&u nVoreXl^
*2he A B aly ^ lo a l O healot^V  o (  H i t r u o o  and  I t e  >.;<M^poando'* 
J^avt l*«!f liiX e^H LaterfM lenco (19*9}
10* QMveehi., A* aA4 (ju a v a h l,
O kiroa& toas*, ^  198 (1 9 6 6 )
*•
11 • gBffOflhi, iOEhtar, X* s«^. a a t l tu r ,
in a l*  C heu«, 5 l U l U »  H 6 6  ( 1 ^ 7 )
12« Q ii>«ahi, ti« | MathitTf tmA  Z a v f O l i ,  A*tt*9
2 a la n ta »  909 (1969)
! ? •  k a i^ a c  *  lie tia a a a , JPxvM nlna^
%. jjtaX. 0>«Eu, 2 3 i t« l .  U9T (t9T<)
* «
14* gBUK»ahl, H»f e e la l n a n ,  A«il« aftd 1*A«»
*Jooi%c«4Au o i  w s g n lo  p o U t t t a o te  O u & ta ia ln a  t « r t i a z y  
« i
a itro o o n  in  o i l  ro £ iu « ^  « ffl.u ea t0 cm 2JLaUV) aoO^'MoslXl^ 
o a t«  pag»«sa** (Uoa J iir tlo a ted )^  V&tor (iiacIaoA )
!»
CHAPTER-IV
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t v
wf i i n m h a
tu  i.xi. hr'[\l\tnliV^ i^fN
d im i r I'i^ 'iii £ <kirt m\k
Ur^cAios ootttaialn^ t«rtiazgr Bltro«^&a av« ubiquitous a i r  ,
v a te r  a&d s o i l  poIlut»cAt» Shny ar«  %h« vor«t ofi:«ad&re oi th«
«ATiruiua«ntai 9«ai8o and the «ooi.o4^iaal )>aiaiiO« as th*/ sire <i«preo»«
a&t« to th e  oon tra i a^xvous (UfiS) and av« okin Icffitjutts*
Sktgr oouM aiQtur^Quooa to  th«  jpsopiratoxgr tr» o t aou ^& tco«ioteeti« i
nai •ystoAMi (Olii) • £tksy a lao Ufy&a  ^ kiu&tt/a aa4 liT o r  anu are
Mt»p«ot«:a oaroiuoot^nL* i^li^ dl^niaiah p^rovtli <tf U ^ l s B s e  and thoir
viai>lL-V voJU a« iruaoti.;aai. a b il i tx  to I 'ix  a tia o i^ e r io  nitrui.en*
oro adaod to  tUo env ixvu^n t as a re s u l t  o l dci^ra^iatioa oi
protelA^oacufi ainteriaLc, iauutrtri&i. waotoe ood ac o h e i^^ tle  used in
our a t^riou itaro i prootlous^*^* 4 nui l^N»r «  a e t^ o e  haTo b o ^
•d fo r  th(^ ttott^otioa, dotvriaiaatiiaa aud eeparation  oL thcae ouLlu* 
7<*10ta c ts  • In  a  dcpvejiopic^ aoMuzxy l ik e  iiid ia  there  io mx 
need o£ 9liOQXt^  and iaeicoeneive cKtnods lo r  poU utign  ix n ito r io c  and 
Qoatrol* Shsre^oro, in  ooJuticuaticA oi' ou:.' proTioue a
aev 8ic|>le and in&xriaceivo proocui.'e has nov be«u pvooc^.tcd ia  th is  
chapter f o r  tho uiocitorir^ o l theoti b iocides iat the of^i,uciUto oi‘ o i l  
reXiaory pz’io r  to  disoUaree in to  the aain v a tc r otroaa* i!hi8 tvoh* 
oi(^o «as o^plc^ed on the  papors ic^roi^iatco vitU rinUV) ck^l^'bao*
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n i . t
• l l i o a t e *
o f v a t e r  w r m  o o l l s o t e d  f r o a  th «  oi^in e f ; f la « n t0  
a o l i f ^ t o r  o f O il  B c iia ffjq rt •Boraioai idL v io loa , B « g a a a ra l ,  B ih a r  
(lA O ia) •
iBlfiSfilS-
Aqiueons colatiooA (0«1M) of etttfiQio ohXorldGt eodiaa moXyb-* 
date and eodiufi oiliOQte* HatVLratQC^  •o lu tlon  of copp«r loUlde In 
ftO«toaitriX« and agaooafi Saturated oolation gf codlna oarlM&.'itc*
All Ghcoioalfi aad veufic^ate ware of ANA&AE ^ ^ d e  ototc^iaed aaiiily frou 
BiA (&a£lo&d) a&ci talQIlA (U«£»*a*)« Itfifitaon !2o*f liX te r paper*
te a a g a tiM
urdiaajqf 20 x 5 oa e^oaa jara were ttoeo to  develop the
Cr  14 s  3 oa strip e*  fieparatin^ tvukatiL van uood fo r  the extrao* and UV«i3Laii^  fo r  irra d ia tiu n  of the apot*
P g f p i m l t a i  t f  irflM g§
Jfmpev s t r i p e  v e re  f i r u t  p o eeed  th ro u o b  e t  jn iiio  o h lo r ld e  
s o l u t i g n  f o r  scouXidof th e  e x o e sa  o f d k in .iio  ohX<>ri<iiD n c lu tic m  
VQO reckj^cd  fegr i w ^ i u o  th e  p a p e r  s t r i p e  on afi o rd :ia a i7  f i l t e r  p s ^ e r  
i ^ e e t*  a tr ip £ i v o re  th e n  d ip p ed  i n  e o d iu a  laoJ^ddate  ond eouifka
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• iL lo a t *  o o la t io n s ^  w t p e o t i r o x j  £ q t  t h e  a a o e  p e r io d *  She s t r i ^  
vw te 6 x io A  a t  r o o a  t e t ^ e r a t u r e ,  voohod th s e e  t i a o e  v i t h  d e o in c ra *  
I L m a  w a te r  1& o ird s r  t o  xeoove th e  e ip o s o  r o a e o n t  an d  f i a o U j r  aULov- 
•d t o  d :^  a t  r o o a  to sv ^> A ta r« «
A s a e v lc  o f  do oa. o ^ t e r  p r d l  a jnm iy  f i l t r a t i o n  vao p la o e d  i a  
k  • e p o r a t i a o  fo o a o l*  1 sfl. o f  oi)tKioii0 HA liatiU aBul 20 eft o f  ohiorof^EFft 
v e re  odciod t o  i t *  A f te r  tJkorotigh 8hoki&£;» o h lo r o f o r o  Iq j r e r  vac  
e o lX e o te d  i n  a  oaaiiXe b o t  vio* 3 3 m  th e  p o p o ra  C it^ ro t^ ia te d  v i t h  
C ia U f )  Q »JL/i>do6iIioato) wore o p o tte d  f i t t  t h e  p o U a t a a t e ,  tumQ In  
th e  ^ 0 0 8  ^ a  an d  do«elope<i l a  d e a A a e ra lia e u  l u t c r  ond in
f o r i o a s  t ^ p e s  o f  o a  o&io end iaor<;£j^io aoLvoiito* ;k^ he pcftJL u tw te  
• e r e  d e to o to d  a o  h r ic ;h t  fXaorotiOQ&t a ^ o te  O ipp in ij thi» o t r i p a  
i n  th e  e o l t t t io a o  o f  o o p p e r  lo o id e  (diaooX T oa i n  a e o to n l t r iX e )  and 
120 o o d ia a  c a rh o n a te ^  s e e p e o tiv « l jr»  fo U o ire d  t |r  irra ic iiQ tio B  v l t h
ttk9  o h ro o a to tp ro p h io  b e h a v io a r  o f  ^ e  liaa  been  a t a d i f d
$m th e  fo l lo v i& o  2 t a o iT e o te t  
! •  B euaene ,
t «  OorbQii to t r o o h lo r io o p
. . 87
O hX erofora^
• *
4 «  C bloroboaooii«9
$• O u t / l  a lo o b o l ,
V
i«aiaesQ3Lli8ed w a te r  
U  2S«., U O l,
8*
9 .  a^»
fO« 2$«t 0«|$i^XOtt9
H «  2 ^ t l > ,  0 .1 ^  lidOL,
iZ*  Sti»9
15*
|4 *
2Jfc iU l»4 ,
C>2
29* UafKf^
%i^  os^oovAii^
Oa^ODuB ♦  iO ^O C tM ^  (1 tlJ& ),
<mjOam  ♦  fiB^OH ( i i f i ^ ) ,  a a d  
tfa^OB ♦  r a ^ o i  ( i i i ^ )  /
She « * * a t  o M a ia « a  ! •  i l l w t v a t e a  l a  f lb ttx o  6 )i^ p l o t t i n g  
I f  T«Xtt«6 a s a l a e t  th e  ao lV ijn t i q r o t e ^  uoed*
t t g t f a
M T c n
jdlBi^e p a p e r  teoholQ U oa f o r  th e  d e t e o t i c n  e a 4  a e p a r a t i c n 'o f  
e o n ta ia ia « s  t e r t l a s ?  n itv o ^ ie ii a»> v e i l  d o o u o D n tc d ^ ^ ^ *  ^
.Tent ex^ ro o tio a  v i th  ohlorooo^Tects i& t>a0lo  aodJkoa hoe been
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33 9f  Off th e  e s t x a f i t h m  a£ th o  o r^ a tx io e ^ *  Vm^ee^ aa<I lie h u a im ' hoTo
t«i«d •A tu ra tK d  •o j.t t t lo f t  «£ o o p p « r lo d ld *  i n  a o m t o u i t r i l c ,  aqaeooa
• a t a r a t e d  • o l t t t l o a  o f  se O lu ^  ««xb<m at« fo U o v e d  U V « ls ra d la t la a
f « r  th «  di»t«o%i(m odT lio te ro a i^ a lio  n ltro ig ttn  ooo>o«uQd» iTluortococMel*
IB tl io  to o h o iq u o o  d«vo lopod  «AsULor hovo n o t  boon uood  f o r  a P tu o i
•QopX«&» th « c iJ ro r e ,  p d o r  t o  t h e  d a tc o t lo D , t h e  p o l l a to s i t e  v o ro
estrck o to d  ^  o h io ro fo c a *  tio reo v e r«  a e th o d  d e v e lo p e d  tor Q oreelii o t
a l l ^  m o  f o i a d  t o  he good  eco u ^h  £ o r  th e  £ l o i a  d a t o o t l a i  tw% n o t  ;Coc
e h x o iaa to srap h io  s tu d le e *  Z h e re fo e e ,  o o p p e r  I o d id e  and eoO itta  eo rb o ^
B a te  aQ X atloaa f a U o v e d  )v  O ¥ « i r r a d ia t io n  «e>e u se d  t o  d e t e c t  th e
p Q ll t t t a n ta  a s  h r i ^ t  f l u o r e e o e a t  a p o te *  iShlo a e tn o d  d id  a o t  poae
t h e  d l f i l e « a t i « e  a a o o u n tc c e d  l a  t h e  p r e v io u s  ae th o d *  S4aoe a o  vo£h
« f  t h i s  turps h a s  y e t  b m n  d o as  on 21a(ZV) s& ly b d o a lX lo a te  pap « rcg
h o v e r e r ,  t h l e  teoU nlQ ue h a s  heea  eaployeci o a iy  go th e  s ii[ |> lc  pac»02rs«
Benooy VO have  ohoa«Q t o  empicur th e  te o h a lq u o  on th e  p a p e r s  l£»-»
p r e i^ a te d  v l t h  S ia U V ) o a ly b d o s lL lO a te *  i e v ,  «e e u a o lu d e  t h a t
• o l 'r a k t  e s t r e 0t l c n  u c la i ,  o h X o ro fo ra  o o u p le d  u l t h  fi.u a rtiso e & t d e td o «
tlfiA  oao  he n so d  a s  th e  r^ ^ lla h le  teoU ^^iqae f o r  th e  a o n l t o r i a ^  o f  th e
h lo o ld e e  o o a ta ix U o o  t e r t l a i y  a ltso ^ se o  i n  a i^  w a te r  aan p lo *
A ir  jPoLX utioa, Sael A »»d«alo , a * I»  (1 9 (d )
■#
Jiiftard^  ii*u* ancL J*S*f
F a««*s l a ^ ;  iS f s .  S o x lo o l* ,  3179 (1 9 8 1 )
iiaiiAaUl ii« Viatta*,
*iUUIjr%iOid KdfMnmoe StmAards a&u aap^laaantal J^ ata for
%
PaetiAldeo and Uthav Orscoio Oo^poaada*, £«I'«A*, 8«&«A« 
(1981)
I f  te s «  ti* ,
2tie i* « o tlo id a 0  b o o k , %i«U«ifroaaEtt, 
iiogi i r o a o iM O f  O a liX , (1970)
fiSOHBiBo*
* f o x i c lV  ottd ^ ifttaboIlaA  ex' la d a a tz M a l i to l^ e a te * ,  
* £ l0 « v le r ,  B«X. (1 9 (5 )
I
! •  JK lia sb e ro ,
''iiatoroayoXXo ooi^^ouzida t  and I t s  d a r lT a t lT e e ,
ic 'a r t* ! ,  X & te ra o ie a o o , £«Z« (1 9 (0 )
Braebiilkov,* VeVei ^oaaoa»iaiULif iaokodyaolUU,
ik«X« and o iw rm ra k ia ,
«)• O hroaktoc«9  A7SC11, 21 (1979 )
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8* M  ScA8ea« V*^ 
s o u  i i o l . ,  JUSLkfii, 5 6 0 . 5 i t9 7 8 )
•
9 . H« and  L«haaBn« H««
fO . It«od«» It* and O oj^ri/B k f A*, 
Q « a t.»  2 ( 2 ) ,  1457 (1976)
1
1 1 .
•
t 2 . ^ t l o o v a ,  i»« l a d  A ^ p o i k ,
Obzoiaato^i*, U 2 .  $97 (1977 )
'
#
tt« and  tJ a h v ln e e l ,  X * , 
itfoh* ^ h a r a « ,  3QG. $87 (1979 )
14* :^hOiaa«t A *i^ t
S eX aa^a , M »  89$«662 (1 9 7 $ )
i»« eed
O er* OfXan. 4<M« 7<H (U l.^ o  i H ) , (197S)
)M at«rIaK id, S » ^ d  Tboodornen^  A*, 
AOta ^haram  Uaoc*^ ^ 1 2 1 . 127 ( I W )
-
1 7 . iU c a to jr , la t fu d a ,
''a o lo u r  s t a b l l l a a t i o a  o f  pJT^idino b a tje e , 
^ o p a a , 7 2 ,  9 $ , 43$  (<XLoo7d, 1301J ) ,  (1 9 7 2 )
18* iiaOp b^VmAm QBd a'o&4o&,
4m O hsoaatoii*  1$0 (1978)
19* qpisctt&i, Lim t  ^ ^ tn o r e ,  Umii* a ad  S ttlo i^aoa, ^ u t^ ,
1
i a t e r  i iM c a r« u , 4 $ $ -4 0  (1981)
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20* QBureohi, mC d ila la cB ,
J*  iilQ* Uhco£«ktoe*# ?9 1249 (1 9 8 9 )
I
21* (MV«ehl« *i«t o u ro e h if  oad  £Jaaol:;}aa9 W U »
*A ft«v avttkod fo r  th e teX eotlve speotrvpuotoiaetrio detor* 
Q ia a t lo n  o f  2^6«*<Ltttidl&e*9 X n lo a ta  (dooH B aloa ted )
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i i t  V iti
T U I  JSiLJiU Cak B U L A X Z iA liL  2H k
tijgySA yitefa m t m t i r n H d M
Sbe « M  o r tlM  h e t o r o i ^ l /  o 0 id  s a l ^ s  o s  la e e c o d io  lor* o s ^  
l e  oC ve«<m t a r l ^ l a *  t t a i t  •% a l l  s t t td ie t)  t h e  QaBwniua 
•o X ts  o f 0eir»'^Ql I M io te r o r x i iy a o id s  w id avrivoc? a t  eoaM> g e c G ra l 
ao n o laa io & o *  S liaaa a u b a ta a a a a  a h o v  g sr a t c r  a a l e o t i v i V  aaooc  
a a l 4i^i»oiuna4^  eaa to e ra  tha»’ tb a  a l r e o a i u a  p b ^ '  lia to  Vp® i^ ia ta r la ia *
U a ta ru p o ly  a c id a ^ * ^  iiaira ha«& oaaA Xos tb o  <it>tQatl<ai pro** 
ta lA 6«  a<atBo ao lA a^ o r l o  m XAo^  p n « a a ia  a&d eu£;>'\ra« a  t a n  ctf th o u
• •• 
l a  tH a p aaaeaao  oX su thenJU iu ilV ) and  ir lu ln c iU V )  o liX oride  a o i^ la x a a  
h a ta  lieoA a a a d  f a r  t l ia  (M tld a tlg a  a£ a a ta c a to ^  lijrArcoarlioDa «&<]i a a  
a a tc O y tio  ro c^cea ta  l a  o t h e r  e rg c f t io  a jm tb e a a a *  Xhay p o ao aaa  a  
*o~iaM aiilci p o tc a tJ L a il ty  1b tb a  ^i^a l a d u a t r i e e *
910 a “  ^ iM ta  a a l t  o f  t^^o tiu^jatophoo^/hcria  a o ld  « qo ps«paie<2 
Iqr th a  ao%ho4 a f  a h l l e  a a ^ i u a  I M i b i j a t o b o r a t e  nao  pB 9?ara4
th o  o e th e d  «£ S it ja a r  oDd a ro a ^ »  She o t h e r  aflrt><wttta t a l t a  v a ra  
o b ta lA o d  tgr th a  M tthod o f  U U a ^ t i io r th  att<9 iUi8E»iA^ end  th e  X fae  ao iA i
a
a a  d a a a r ib a d  1& ^ la o rtx a a lu  t |^ th o a e e *  1v U«u« Booth^*
6S i l la o e a ly b d lo  a c id  h a a  h aca  p so p a s e d  JP cifaroK etlo r a a  
h ^ d s o a i l io o d o d a o a a o l/b d lo  a o i d ,
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AOtioB o f  d i l a t e  liydroofaXorlB a o ld  on o o to o « > o a r o t t s « i l lo o ^ d e o a -
jr
o o l^ b d a t« ,  o M a ln o d  o x ^ c to J ls  o f  hjfCro&HX^
egdodeeeaoJLjTbdlo a o ld «  (2U20«SA02)*t2riO0^«>0U20 l«r  a d d in g  % e % «e e o d ia a  
• n ie e d o d e o a a o l j r b d a te ,  aBei2O*Sl02» l 2 lo0^ « 2t a 2^  ^  l a r g e  >
• s s e s e  o£ d i l a t e  e o lp h o r io  m old  ( 1 i9 ) »
S i l lo o a o ly b d lo  « o ld  « id  1 «« m trttm inn  s o l t c  v o re  t l r o t  p so *
p av ed  Iv  ^«j5c;4a^* 40oordiiii^  %o jcLO^gia i& th e  e o a e  o f  12^ t tn g s to «
p Q oep liarlo  a o ld ,  e t r u a t o r o  oC t h e  tgnione o o a a ic t e
o f  a  ^ u ^ t e t r a h e d r c n  aonro im ded  ^  I 2V0^  e o to h e d ra  a e  a  f lh a H ,
t e g d th e s  ligr ehoxod e ia rto n  atooB * She o e c t  t o g a  o f  e a ^ s e e o la n  1b
t o  i a d i e a t e  a  a e d l f l e d  t c tm h c d s z a  ^£01^ 9. l a
« h lo h  eaah  9 t  t h e  t o o r  9 x9 a m  a to m  h a e  ^ a  z e ^ ^ ao ed  tior a
s z o a p f  eo 0h  £ seap  e e n e le t ln g  o f  t h r e e  o e ta h o d s a  a h a r ln t,
OJTi^ea a to a e  w ith  o th « r  e o ta h e d ra *  I t  l a  probaULo t h a t  o t h e r  bGte«>
8ro p a ly a o ld a  hotve a i a H o r  a tru o t iu re a  •
She p re o e n t  r e p o r t  d e a le  w i th  th e  e h a r o a t o r l a a t l c n  o f  e l l i e *  
011017 b d lo  a o ld *  f h e  Io q  erohoD ^^ aeohacilou  f o r  t h e  exohaoco o f  t h e  
l i i \  and  JTH  ^ lo n e  h a e  been  I n v e s t ig a t e d  o e ln ,. p i i t ^ l t r o *
tlo D  GOd d lf fr* « 0i l « n  o tu o le e  o f t h e  exohan^'od phaaee«
4lthooG t^, o jq r o ta l l l a c  a ll lo o a o il^  b d lo  a e ld  h a a  bee& a /s th e a lB <  
ed  )qr oomr o u th o ra  a a  d e c e r ib e d  a b o v e , I t e  Io n  eaBOhenne p s o i> e r t le e  
have  B o t be«nflfeudled ao f o r *  The r a o u l t a  ob a lt ie d  ^  a e  In  t h l e  
d l r e o t lu Q  a r e  su i& ja rlaed  b e le v *
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aoU vM  (V e^ <»«Ba f U a r a ,  Q e n c n ] r ) , ^ « i i t a
•Uioattt (tti«4«iL m  Um  OGroany)* obeiaiBol0 m A
ti8«d « « r«  Bifi (iiSM^aixd) iu u d iir  « r  A«ii* fi^rado*
(liA ^a) sp««trog>hototM % «r ood S p e l(^  (Ofid) f o r  eo Iori«*  
a o t r i o  d o t« r i i ia a t i< ia « ,  th»naobal,iiae^ f o r  O h r o ia a l - ^ a a ia a l
ttM so o o o u p le  f o r  fiU B «oe t a r  h««it t« e a « a » n t ,  ft)eotso*>
cH>a»2000 fo ir  f«A* s p « d ts a t  i^bJUULp* ifW ^O iO  Xf>TGSr X i"v ^
d lffs« 0to 8s w  a n d  k llo o  o o d id l p H -e e S e r  f« s  p li a a u o u r m m x t m
vert tuiad*
a r a ta p a ig  og fijU ao iiav iW tifl a a U
slU oooB ljrbd i#  « o ld  ko« to ea  iQfiitUaeisod li^ r tiM  oothod a t 
U a M d  iiim o n B  B ooth^  viLloh io  d««9i^‘ib e d  m  fd X lo v o t
$0 s a d liM  S D l/b d a te  v«u dJlsaoXved l a  200 A  t t '  
oAd tlM» e o lu t io B  « « •  h««%od t o  ftO^U* So t h i s  e o lu t io n  voa oddod 
20 iA «C e o D O A tra te d  iiUI (d a a o i t i f  f i x t a r o  mao e t i s e o d
i r l ^ e o u a l ^  w ith  a  a o to r  o t i c r o r  v i i i l e  5 e  ^  e o d ia a  a l l i o a t a
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(A flneitjf U 3 7 S ) d i« a o l¥ e d  i n  90 i«L o f wao Aflded* ltil]L« th o
m%i3aiM6 «a0 •an tiA ti« d «  iSo i l  o f  0000«nteam ed ttOl v a s  a4ded  dco p « ie«  
ts M i  a  M p a rf tto i; , Sh* ■X iitht p r« a i> p ita t«  o f  s iX i s io  aolA
«ao  f l l « « M d  o f f  a  wool a iobeetos f i l t o r *  Sho fiJk 'teB iii
v ao  o o o lc d  an d  •JC tr«D t«d «l%h a  o l l ^ h t  oxoooe o f  o th a r *
S te  a o l a t l o o  ood tlM  a t l i e r  f o r a c d  ao  c a a lfU m  v esy  rap iU lj^ i 
a o n a e ^ i i t l /  tbegr flliou2.d ba a b ak en  \o& 9(ttmx v a tta o r p r o f a s *
aM jr w ith  a  s«%aC7 cw tlo n *  sino e th a v  a o i ^ a i t  « a a  d i l a t e d  w ith  ono* 
baiU  o f  I t a  voI«L.ia o f  v a t o r ,  a a d  t b a  a tb e ir  r a p ld i^  dlas^Xa^sed a  
a t r a a t t  o f  a i r *  Ubm»Xd th »  a o la t io u  b&aooo « ;raan , %ba j r a l lo n  a o lo a s  
a iA  bo caatai.'O d a d d la ^  a  X it tX a  o o n o a a tr a ta u
i^or p u r i f  JLoatlon th a  p v o d a c t tfaa dliasoXTDd 1& a  a i a t a r «  of 
$0 sA. O f H a te r  1$ i l l  o f  o o M o n tr a ta d  HOI aad  nxtT^ o t o d  a g e ia  
v l t l i  o tl ia r*  l i i e e t h a r  « a a  raiaavod a a  b e f a . a ,  and  tb o  y aU .o v  X lq a ld  
a a a  o o D O o a tra tca  a t  I t  v a a  f i n a l l y  o r y c ^ a l l l a e d  a t  r o a a
ta q ^ e s n tc t  e ,  O ora m o t  be take>a t o  (smsrC aeaJU ;et s e a a a t lo n  bgr d a a t  
p a r t l a l a a *  a  X l t t i a  o a a e tx t tx t te d  aoaXd re o jc id la a  t h e  aoXd and 
reato: e the yeXloa ouloor*
She o i y o t o l a  th t ta  fo c a e d  o o n to ia  a b o u t 29 a o lo o a ie a  o f  v a t e r  
o f  h jr c ra t io n *  ito o t o f  t h l a  v a t e r  o o u ld  be re a o v e d  bsr h a a t l a ^  th e
a o id  a t  40^U f o r  3 t a  4 d a fo  o r  dzyla^^ l a  a  d a a io a a ta r *  She p i'oduo l 
thflA a a n ta l a a  9 o r  6  a a J iao u ica  o f  w a te r*  ^he ^ a a r a l  f o s a iU a  o f  
a ii io o f iM l^ b d ia  a o id  i a
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SiM lo o  esohoago  e a p a o iV  3 iX lo«aolyb< ilo  anoid weOi d e te r *
Q
alAc A fo r  Toriooi eatiooe ^  the oolwi e X a tio a  o»tho4'« . The ffeeo x tf  
• r e  g iv e n  l a  T ^ «  19* '
BX) m  iaUjUtoiaalybdla aaXU iMts kep« iw e  M  hottsro Ja ttM
O M e z D c d  «D ld e o l a t l f l n i  idLth l a t e r a l t t e n t  a b e k litj*  th e  uadi0o«i2.v<« 
e6  « R to n « i  v a s  recaeved* l i i l lo o n  an d  a o l^  odeM ui vexe d e te s a io e d  fegf 
tlM  h e t e r o p u l /  a e ttw d ^ ^  t ia ia ^  ike^^ciiA ep«e%»oplM»tuae:r
a t  700a |i oad  t h e  a t e t « a e  a e th o d ^ ^  a t  420  tapi, c e a p e o t lv e ly .  She 
se ta JL te  a r e  p s e a ^ a te d  1a  Z ah ic  14«
2he tmdmAm w ui p esfa» M U  i a  a  th e s a o b a la n o e  w ith  th e  h e a t i a ^  
jeato eC lO ^ tf/a la *  She s e o j l lB a jM  i i l o t t e d  i n  i i g u r e  7*
She i>«S*A. H as v e a o rd e d  i a  th e  a ta o a p h e re  B 2 usjUM; o h ro a a l 
a l t t a i a i a  th e r{ao c« ap Ie  a t  th e  h e a t in g  r a t e  e f  12*5^0 /B ia*  She 
c e s u i t a  axe  ah o v a  i a  J* ieu re  7*
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Io n  lU nhongc e a p a o l t ; /  o t S ll ic o a o l j r b d lo  a o ld
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f o r  TaxlouB  o a tlo & a
Io& I(m io
E a d i i
P r o r a te d
if in le
H eA ll
(1 )
•
Xoa Uwohaxiii9
o i ^ a o l t y
(oD Q /e)
CorsespODd* 
ixig  X cn ie  
f o n t  1 a t* d *  
•pao l& ^
(1 )
U H* « 2 .8 2 0 .7 0 5 .5 0
2* L I* 0*60 5 .8 2 0 .7 5 5 .8 7
0*99 5 .5 8 0 .7 0 5 .8 9
4 . f.* 1 .5 ? 5 .51 0«80 4 .0 2
<
1 .4 8 5.51 0 .7 6 4 .2 4
6 .
7 .
Jig** 0,6!^
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4 .2 8
4 .1 2
0 .7 0
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•
8 . a*a* 1 .1 5 4*12 0 .7 4 -
9« B .** 1 .5 5 4 .0 4 0 ,7 6 -
f-. t i tf i i f t  ^  14
caM «i««i £ it» M iit) r  o f  s i i i a o a j ig r b d io  mn4. 
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SOlVWfttB fiUlooawlyMJLo 1014
SlIiAOD •.Aly  £Hl«OUa
A )  {mg/30 A)
1 .  A & i m  0 .0 6 $  13$
2 .  4 il U2»4 . O.UIO 29
4i« UiU^ . 0 .0 9 0  19
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I  E  M  P  E R  A T  O' R  E  ( °C )
g. 7 T.G.A and D.T. A. cu rves  c f Silico.T',o;ybd:c 
a c id
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n i l i o o a ^  bA io  0016 « ao  ti« a t« d  l a  th «  o a f i l e  fazB oo« a t  
A l f f « s tn t  t e ^ e r a t o T M  f o r  I h o u r*  th »  c f t c o t  o i  t e a t  on i t a  io n  
aash an ^c  o a i^ o l t y  l o  a^owa l a  C ab le  ! $ •
iiA a.M ltifc iB a
Slia I* u «  o p e o tx a  « f  a i l lo o a o l j r b d io  a a l d  a t  T a r io o a  t e i a p t r a r  
t a r c a  w r o  ta k « a  ^  th «  U r  d l ^  tooiji^|U a th a  r t a ^ a ^ a r a  a h o m  • % *■ 
l a  /Ig u x *  0«
i M  ^iuai jid i.
I , “*
a*  M m  it
2ha t e d  o f  1 c  l o a  e a o h a n ^ r  l a  tb a  U* f  o v a  v ao  p s a p a r td  
l a  tb »  at£3D4erd lo a  eanliaB^ja oo laasi th rou t^h  ttfiiah  0*1ii M t a l  
a h lo ^ ld a  G o ltttlo ii a a a  paat^ad a t  t b a  r i o a  r a t a  o f  1 c ^ ia la * .  ^baa 
t t e  pu  o f th «  e flX tt« » t v a e  ld o i^ t l ; ia l  t o  t h a t  o f  t h a  a i i u a t ,  t t e  R* 
l « a a  l lb e x m ta d  Itsf t h a  axohao^Ear a e r a  a a t i a a t o d  t i t r a t i o n  a i^ a ica t 
th a  ata«:idavd aod liaa  h y d ro x ld a  a u lu tlo B *
b .  m tn h  i i in i iU m a M W J a > > * * »
j»aah p o in t  l a  th a  t l t s a t l o a  a o rv c a  ikxg o h ta ia a d  tgr a q u U lb r ^
a t l a g  ( a a d a r  o o a a ta a t  n h a k la g )#  200 a s  o f  t t e  l o a  oJBOhaaear v l t h
t
0*01^ a o l t t t l o o  o f  liOL a a d  iSM {U m aet^ l)  l a  fomKurd t l t r a t l o a a  « id
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B«at tvoatacat o f S lliooaolybdlo  miA 
In the B* Sorm
b*ito« S«ap«rA tuire
( • o )
oc ttM  
x:seh«nj|«r
tajceu T«)
o£ th «  lOB x^inhi3i^% 
UM»hea£0K « a :)a o it ir (a e q /^ }
to o a d  (g )
I . 40 U 5000 1*5000 0*d0
a. 100 1.9000 1.4500 0.82
5* 200 U9000 1*5650 0*85
4 . 400 1«$000 %m2MO 1*55
3* 600 > U5000 1*2550 1*67
6 , 800 1.5000 1*2400 1*70
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JfCGL mA a a i f o r  iMOkHBVd like <|aantitiM •oXaUoM
%ak«ii t o v  tlM  •q a iX lb rio u a  y s 9  aftciordlDfi t o  t t i e i r  poeooD t lo a d la c e *  
Xho im X o  if% r«n£th v a s  k o p t o o a a t v i t  f o r  a  o o t  o f  a  p a r t i o u l a r  
p o zo o n t loa& lB £« 3hi» abaiiiBi^ iiiO o a r r l o a  o u t a t  r o o a  to ^ ^ o r a iu  e« 
A f te r  tb e  o < |a i l l b r l a a  a t ta x n o im t  t t e  ’pa  o f  t h e  o u p M B aten t e o lu *  
t i o a o  was o eo eo red *  Siie o u rv e a  of ttm  t l t r a t l o c i  re o u L to  f o r  
d i f f e r e n t  p o ro « n t lo a d io ^ a  osc p l o t t e d  i n  j f i^ u re a  9  and 10*
A-cay ^ ^ ifs rao tio D  jtu A io a
lA if fe re n t l« n io  f o r s a  o f  aiJL ioaftoljfM lA  a o ld  a e r e  p re p a re d  
ttf o ^ i l i b r a t l n ^  i t a  f o m  v i t h  0« lcl o f  t h e  reo ; e o t l v e  a t^ ta l ohlof* 
r i d e  aoJ4 itlo iu i«  Shoae H ere f i l t a r e d  and  v a sb ed  eova:.’a l  t i ia e a  v i t h  
d e u la e ra X la e d  v a te r *  ^h eae  v e re  d r i e d  isk a a  e l e o t r i o  atm  a t  
2he i i -c a r  d i f f r a o t i o n  p a t t o s a  o f  a l l  i o a i o  f o r a n  ( i* o «  u \
X a \  e»d  a e r e  re a u rd e d  ^ h l l i p e  J rw i0 6 0  ii«rajr u n 4 t ao io fi 
S iia k e l Oti&cc r a d i a t i t ib a *  She o a io t t l a te d  *d* o ^ a o la  a  s a d  r« ^ la tlv e  
iu t^ n s i t i e o  a s e  c t v m  i n  Z a ^ o  16*
She Io n  oaoheafio  o a r a o i t l e a  i n  th e  T a r io u e  io a i e  f o r o i ,  th e
tf i
io o io  r a d i i  odd t h e  h jrd ra te d  io n io  r a d i i  o f  t ta i  lo a e  a a e d  a r e
in  S a h le  13* The io a  exohan^* o a p a o i t /  i a  th e  T a r lo a o  f o r a a  
i a  in  th e  fejULoviz^; o r d o n
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( f o r w a r d  )
-   ^ b ) 1 0 0 %  Na'^ L oad in  9
J ____ \____I 1 1 ! i
1,4 1.0 0,6 0 . 2
m e q  No'^q E x c h a o q e r  
( f o  r w a  rd )
o f o r w a r d
• b a c k w a r d
F i g . iO p H -  T i t r a t i o n  c u r v e s  with 1 0 0  ®/o loadings  for 
v a r f o u s  cat i on  e x c h a ng e s .
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Xlmc t h e  « jE O iunatr o h o m  m p r w tw e m t i e l  u p ta k e  t o r  t h e  t.*  qd4 
i o t t i .
Zhe oheo leaX  e t e b l l i t /  ( tf tta le  t4 )  sh o v e  t h a t  t h e  a a t o r l a l  i e  
t e  s t a b l e  i a  4H a i t s l e  a o l4  an d  e d ip h t tr le  a e l 6  b a t  I t  dieeoXYne 
e i^ p i l i io a n t i j r  i& 4 a  I v ^ z o e h ie r i e  a e ld  p robabl;^  in o  t o  th e  h i ^  
e o lu b l l i tg r  o f  a i l i e o i i  t e t r a o h l o s l t f e  •
X
A p e o t t l l a r  hehaTiuai* o f  t h i e  a a te r ia X  l a  t h a t  th o  Xaa. exohan,::^ 
o a p a o ity  ia o r e a o e e  v i t h  I n o r e a  e  in  th o  dsi^lnB t e a p e s a t a r e .  She 
Io n  e a o h c m ^  oapaoxtijr ap  t o  2CX>^0 v e a a ia a  o o c e te a t*  H o v r re r ,  idiaa 
t h e  dxylOiS t e a p e r a t a r e  l a  f a r t h e r  In o c o a e e d  above 400^4# a  rap lA  
la o v e a o e  l a  I t e  lu a  e jc o h a n ^  a i ^ a o i t y  l e  oU M creA  (ta b lt^  1$)*
Che t h e r u o ^ a a  of e x lio o o o ljrb d lu  a o ld  ( i lc ? < ^  7 ) ehw«e a
ooutJLaaoua lo o o  i n  a e i^ jh t above fOO^U* Vihea th o  to a p c s a tu r e  l e
inere^R O d %)0^Q th o  aoi^^ht Io « o  l a  r a  I d  an d  o o a t io u e e  ap  t o
6 0 0 %  a f t e r  « h lo h  th e  v e ie h t  beo^ooe  o o n e ta n t*  She loH a i n  n e lg h t
up t o  SKX)^0 (2 4 ^ ) o a /  he d ae  t o  t h e  l o e e  o f  e s t e m a l  m t c r  QL>a«oaIc
( a a  e v id e a t  fro £ i i * i u  f r^ e o tra )*  The f i e a e r a l  f o n a n la  <o£ oHloo£M>i^b|*
d io  a o ld  g iv e n  hy B ooth^ l e  i ^ p e a j s t h a t
th e  f o r t a i l a  a f  o o ld  l a  ll4biaO|2!^^Q»32li20 a a  th e  n aab o v  o f  « a t e r
13O D leeu lee  oalotU iked t r o a  t h e  f o ? ia i l a  g lv e a  by A lb o rtl '* ^  I s  ?2«
liG
AIbor%i*e fo m ilo  la  gJaren
|8to •  i i f l l f S i  
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whore^X l a  t h e  fi Io d o  « t  •  p a e tlo a X a s  t e a p o r a tu r e t
M i a  t h t  a o X « M a r  o f  t h e  a a t« e l c a  and
B i a  t h e  im ab o r o£ oxM oa ie l v a t i  r  a c tlo b u lea
♦
She p ti^ titra tiO K x  o o r r o  b a a  oaXg one l i i i i .e o t lo n  p o in t  ahavU i^ 
t h a t  c n V  ott* V p *  p r e a ^ a t*  I f  Wil* lo n e  av e  e srtia f i*
|{6d io n  exchasice e a p a o iV  a* KOom te ta p e ra tu r e  i a  0*02 a o t^ g  aa  
aa i.o ttJ .a ted  t r o a  t h e  i l b e v t i ' a  f e r a u l a *  irh io  r a l u e  i a  v e i^  o lo a e  
to  t h e  eaipesl.£MaitaX YaLue (0*00  m q / g  a t  s o o a  te ja p a v a ta c e )  •  2he 
a e i^ h t  Xaeo aboire fOO^e i a  dae t o  t h e  loc>« o f  e x t e r n a l  w a te r  
o o lo o ia o a *  !Shlo p ro e e a a  e e c t iu a e e  «d4 a ^ a ia  i f  i t  l a  auppooed  
t h a t  a lX  th e  e x t o n a l  e a t e r  » l e o a l e a  a r e  l o a t  above  600^^ {mm 
i a  e v id f ta t  fxo ia  t h e  I* tU  a p e o t r a  t h a t  t h e  p eak  a t  3900 aaT^ aad  
|6 $ 0  a ee  d u e  t o  th e  X oi^ o f  v a t e r  a s ^ o u l e a )  th e a  t h e  lo o
eaal.m^^e e a p a o i ty  a h o a ld  be d a e  t o  onO^ ^ 4 ^ ^ $ 2 ^ 4 0  w a te r
ao leouX e* £he l o a  e so h a o ^ e  a a p a ^ i t j  o a i a u l a t e e  f r o a  t h e  i l b e r t i * a  
f o n a u la  l o  f » j a ^  t o  b e  I »0 aeq /is*  U o e e w r ,  th e  ejct^oaM iitatal v a ia e  
i a  fo u n d  tw be  1*67 a^  600^0* Z t ah o v a  t h a t  t h e  e x p c r ia o n t
TaXue i a  ooeh  hi4i1»v  t h m  th e  aaX eiO atc d TiiXae. IX  we aa«3ua« t h a t  
3a*  io a a  ia t> tead  oiT SH* io n a  a c e  e.^atM^^od a t  600^0 th e  e a i a a l a t c  
io n  ean h flA ^  e a p o o it^  a t  600^^  t o  fo u n d  t o  be 1*62 aa^l/g  «iUoh i e  
e io a e  t o  t h a t  o f  t h e  esp erio e i« taX  ira lu e  ( t « 6 7  o e q /g  a t  600^0>»
I l l
SIM ousv«  {gi&vam  7 )  ah o v s  ooljr an  aD ao th e so io  po ak  ia
%Ma r e ^ f l t t  (a s o u a c  tOO^O) w u a h  l a  4ao t o  <iftitjr4ratloBi« 1% I s  a l s o  
oonifiriaed  tagr tiMi naieJbt Xoe&» tfovave]?, aSTter 600^a th e  v e ig h t  l o a i  
l>«ao;aa!9 o o n a to n t*
Tha Z*ii* a p t a t r a  a f  a i i lo o a o l j r b d la  s o ld  d r ia t f  a t  40^U 
(Jrltnura 8 )  ahoii f i v e  ittiroQiS paaisa a t  a b o u t 3900  o a T \  f6 0 0  a a * \  
tfOO oa*^^ 960 osT^ 900 oa*^« tts»  luroad paaii a t  3900  oa*^ m s^ 
ba  dua t o  t h a  p»&aeaoa oC o x t« m « I  «a% «r a u lu a o la a  and  t h a  h y d so x y l 
gro ttpa^^*  t5 ^  aeaoad  ahoipp p a a k  a t  a h o a t  1600 oa*^ aojr ba
a t t r i b u t e d  t o  v a t o r  a>JL«ouXee» 2b« t h i r d  p aak  a t  960 oaT^ l e  cao  
t o  th a  aalybdanaai-oayrfiaa bond* Xhe fo tx r th  p aa^  a t  960 oa*^ daa  
t o  t h a  a i l i o o a  ooopound a&d f i f t h  o r  t h a  la & t p e a k  a t  900 oa*^ a n r
A
ba dua t o  t h a  flk>lyadata lo a  •
She a p a o tz a  o f a i lo o a a iy b d lo  a c id  A rla d  up  t o  400*^0 
( if lg o ra  8 ) do a o t  a h o a  «3jr c h m e ^ »  Uovtnror^ abdira 600^C th a  paah a  
dua t o  a a t a r  a o lf ro u la a  axe lo o t *
Sha X«ro]r d lf iv a o t lO Q  a a a l^ a lB  r a a a l t a  (7ahLa 16) ahov  t h a t  
t h a  d *  f o r a  aT e l l io o ^ to ly b d la  a o ld  o x h lb l t a  t h a  f l r a t  »d* BgtiOim; 
▼ alaa o f  5*50 ^  A f ta r  b e i o j  a jn h a n ^ a d  t i l t h  alkaJL l a e t e l  
th a r o  l a  a  o o a t la a o u a  lo o re a o a  l a  t h a  *d<* apaola«^a« i!lia £ l r a t  
•4*  ^ p a a la e  b ao b aaa  3 .8 7  A l a  th o  L l'^ f o r a ,  3*89 A In  t h a  « a ^  
f o r a ,  4*02  A I n  t h a  E*  f o r a  aad  4*81 A th «  an*  f o r a *  Aa t h a  
L I  io n  b o s  th o  o a a lle v a t lo o io  r a d l a a  henoa th a  *d* ap ao lii^  i a  th a  
X M s t l a  t h l e  o a a a  ahovlB g t h a t  th a  lo o  axohaiv;a e o c a re  l a  th 9  
d a h y d sa ta d  f o r a *  Sha h srd ra tad  L l^  Io n  h a a  a  Xacigar r v a lu e  aad  a o
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I t  g iv e s  s i e «  t o  a  X o v r  X m  e so h o n ee  • o p o d i t j  •
y U ^ l t r a t l o a  earV vs f o r  o f  d l f f e s r e n t  p o so « n t lo a < >
in c 9  Qvo m hom  l o  9 and ttu>oc 100S& lo a A in ^ s  o f t  f
m i. 2Ui{ iono are oboim in M X&un 10*
ibM b y o te se sX e  lo o p  a»no«M  In  a i l  t i ie  ourvoo*  'ih e  l e a o t  
h / 0t e r e e l t j f  takcee p lo o e  l a  299^ XoadJlag* Z t e h o i«  t l u t t  «i> t o  2 9 f  
exolusi^e t h e  r e a o t i c a  l a  r e v e r o l b lo  anA l o t e r  on I t  beooaeo  i r *  
c « ? 6 ra llk le  dao  t o  p h aae  t r e o a l t i . « i «
Xtaie ap p eacaao e  o f  th e  *4* l i n e s  In  th e  h"T o f d i f f r a o t b ^ o i ^
♦ »
i s  ii i  t h e  f  o llo id n w  a e ^ n o e t
JL* > * a ^  > BhJ > h i *  > bT
S h ia  a a /  h e  escplalu i d  a e  f  o U o i^ f
She eaohoa^tt o o o u re  i n  t h e  d ^ ^ d r A te d  f o m  o f  t h e  o a t io n a  
h en ce  a a  th e  I m  i a  t h e  l e a a t  h jrd m te d  o f  th e  lo n e  o o n e ld ev ed  
hexe  th e  if in  esoha&tie ta h e e  p la o e  a o c t  e a fd l^ *  A il0  f a e t  i a  
a l e o  eu i»ported  v l t h  th e  h i ^ ^ t  io n  eieohantie o a p a o l ty  o f  t h e  M>* 
f o r a  o f  e l l io o o n l^ b d io  a o id  (Z a h lo  15)*  I t  l e  p ro h a h ly  f o r  t h i a  
ro aao n  t h a t  t h e  io n  i o  o o u r e o i p i t a t e d  a h e a e ire r  d l r o o t  p c o o lp l«  
t a t i c n  o f  a«ac>nii»a a o l t o  o f  heteropo l;^ ' a o id s  l a  p e sfo x aed ^ ^ *
iMo to  o u n u id a ra tk le  o h co g ea  In  th e  *d* a p o o in ^ e  o f  t h e
9 IL* m<L f o r a e  v l t h  f o r a  tlu»ae oh im ges ahov t h a t  t h e  
OJBihtf^teahle ig a a  a r e  l a t c r i a y e r l j r  bonded* t h i e  o.i:aa«a ohane^a 
l a  t h e  d iX f s a o t lo a  p a t t e r a a  of th is  d l f f e o e a t  lo a lo  fo r a e *
Sho p t i « t l t r a t i c a  o u r r e a  r o r o a l  t h a t  tv o  tgpOB  o f e a o h a a ^  b e h a v io u r
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ta lu i p lQ oe* Ail l e « * r  pv&oont 1ou<Ua«i;&, ! • • •  a t  33> l e a d in g  a o  
M id a d w a e  tg r« t« ro 8 iV  «  p*ftr«  lm« i t  lao rv r^ see  an  im a fs k c iu t ,  %h9 
le a d iA ,.e «  1% aboM  t h a t  tti»  aro iid ix i^  th «  l« l* 4 u «  o f 
a o l4  k « e ia s  a t  s < * « te r  th a n  25)^ lo ad io « ;«  ao  tli«  
l a t t i l o e ,  frM oiaes pragv>*«X Taljf ! • • •  M a& lo  t o  li;fdrui«, v l t t i  tb e  
ila^» ioAA I n  h ig h a s  XoadULAga* Sha l e e s  s t a o i l i t ; ^
to v a rA a  tijrd so ljfe la  oajoaao tfaa f o r a a t l o n  o i  ■»?« & •« p h aao e  aA4 th e  
o9ovueraaoa of a ia a l ) I e  b y e ta x ^ c x a  lo o p *  
j
l a  T la v  a f  t l i l a  ertud^ i t  a « /  )>• o o co lo d ad  t h a t  th a  io c  e s «  
oluiii^a i a  a lX iooao Ij^bd io  a o i6  t a k a s  p la o e  a i t h  p h aaa  t r « u a i t i o n *
■ j '• - : " ttJ,' I'lif' 1^ ’wrri iiif ', j . . i
I
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! •  im L t Va& il«i «l«ooba, a a d  Be)>bf
liiio l*  O hea*, J U , 99 (1999)
2* Wtt« i iM ll i ,
a i c a .  a ,  189»220 (1 9 2 0 )
9« X li lB C v e r th ,  il*v* and
sjhotu  e o o .»  97 9 -0 0  (1999 )
♦
r
# 9  « •  and  axosy i i» ,
H«1t .  tih ia«  1076 (1 9 9 4 )
* ^ o c ^ t ; . i o  l lo a r a v - i i i l l »  H«« Ioz9c« 127-93
(1939)
6« M l o r ,
*A e o o p a m tlv *  t s e a t l M  on Z&o £;aalo and  th e o r o t l o o l  
%
oh«alo% x7 «*» ¥ Q I. n  U ( f a r t  Z I ) ^  S I ,  S U iA a te s  (l»on< |j»a)f 
866*90 ( 1 M )
jLaggiAt
p ro o *  ii0 7» Sao* (Loudoa) ^  144^ 79  (1 9 9 4 )
S h a sp la e B , U*Hm and Mnmd«y« 
ju u i l .  O teoi. j2iU 1619-22 (1 9 9 7 )
ii5
9m Smm»MlaoD,9 d«»
OXmaxL  ^ M m  ao « 8 Ji« Ian t sectic H o la , i% 9 H )
10* *  "it^aAAavd K tU oA e o£ l i z a a i n a t l m  o f  ita«e« an d  v a s t*
« a « « r*  «<te. 490 (1 9 7 $ )
m
I I •  O X iM t  &• SAtf U L r a ,
4B0I* Ohea« j22ff 328 (1 9 $ 0 )
12* J r *  I l£ ^ tlx u s« IO t
^ iq r . Oh«o« ^  1981 (1 9 5 9 )
>
! ) •  A h B r t t ^  0*1 Z o v rao o a , £ •  a a4  Qonttip u ,  
ln o x ^ 0  M M *  0IM2U jS^f 607 (1 9 ^ 6 )
^ f li  &|Q
*O li04aoal A ^p IlA atio ii*  o f  X n lram A  » ^ o t« o « o o p 7 * ,
% * 
i» a d « a lo  v r « s « ,  B«ii Yoxic and  L ondon, 577«70 ( 1 :^ 5 )
15* s i l l i e r ,  aad  U«U«g
i » a l .  O lica. 1253 (1 9 5 2 )
*
H *  (S L o arilo ld y  A«| f if ln o o U a s , Q«H« ond SL oesin^^
^ e n  haihttnfeo «Dd &oa.T-on« i4 c t r « c t i« a  (£iaria«)qr» ^«A» and  
H aro u a , X . ,  ad*)  H aic«tl fioki£»r X no«, l i « I . ,  VoSL. 80-91 
(1 9 7 5 )
SUMMARY
Sh» * 8 to d io 8  on tJM» • j r a tb e t lo  la ftrfack lo  lo o  eaohoD jM * b aee i 
%
OB b o ta ro p o l^ ' a o id a  oaA th m ix  e a l t s *  o re  d e a e n b o d  l a  th e  
%booi0« I t  &o u o lfiJ^  iaaoed on tb e  loUL Ic n  M0&ani>« p ro *
pov^loo <tt i4Ilooaia2v'Udio aol4 (an liatccopoXy i^ id )  Sla(lV) 
akO jrbdoai^ate  (aa botoropol^ a c id  m o l t ) ,  i f  theaiji e o n a la t c  of 
t l v a  o liap tasB *
£ha C l r e t  o h a o ta s  l a  ia tro d u o to ia r  «Rd diJM uocea b r l a f i ^  
abOQt landaaantalo o f  t h a  ion a a e h ia j;a  p ro o a a a  «id t l i a  i« o  aje* 
aiui&<-e au1ia.rlaLa* U eteropoK jr a o i d a . t h a l r  a a l t a  cmd ^ l ie i r  
a n o i^ 't i a a l  i^ i i l lo rx « i(« a  o r a  d a o o r i t« d  l a  s o m  d a ta U *  Zba p ro v lo u a  
v a rk  doao oa t to te e o p o ly  o o ld a  an d  tboijr a o L ta  boa oLao beoa to v io y m  
ad  th c r o o o l iv  l«j th i .a  va*£ a h a n te r *
£ha aciooBd eba)> tu r d a a la  v i t a  fcha a ^ t t i a a l a  m d  lo a  «JB»ha^a 
p r o p a r t l o a  o f  S l a U V )  aaljrbdoalX laA % «, sirnxjr I 'ia U V ) a aU rb o o & lllo a tc  
a a ^ « a  h a ^ a  b aea  a ^ t b « a l a a a  a a d a r  d i f f e r e n t  o o x id l t l j a a .  One sw at 
a to o io  a a iip la  auovo  a a  lo a  ajtabango aar>aaltgr o f  Om$9 s » q / s  l a  th a  
 ^ f a r m  a t  40*U* X ta  Io n  a a o b tf^ e  p v o p a r t lo e  v a r e  s tu U la a  v l t b  tb a  
Help o f p i i ^ l t r a t l a a a ,  I«Ki« end J w a y  aoooteooaop^*, tb an ao tp rav laD t*  
r lo  a f t a l / a l a  a a d  t b a  d l f f e c e a t l a l  t b e r o a l  aaoa^roia* 
l e d l l o a t e  l e  t t i e r a a l l y  iauob a o ra  a t a b l a  th o a  o th e r  S l a U V )  baaad  
Lob ejD obctti^re o ad  I t  ah av e  o o u a id a s a b la  ia o r e a a e  4a I t a  lo a  a x -
U )
ohopf^e o a p a o iV  (1*20  o e o /g )  a t  QOO^Q* ^  a u lso rp tlo tt o f <U f£«r«a 
M t a l  ixMoe l a  d e a in e s a l l f te d  v a te r ^  V ftrioao  o o n e e ^ itra tlc m s  o f  n l t r i i  
oiold aoti 0*01^ ttiA ioniaa n i t r a t e  h a s  be an e tu d ie a *  t l n iX V )  MUjrbdO' > 
a l i i o a t «  i s  jroutkU t o  be hi< ;tajr a e l a o t i v e  f o r  Sh( IV)*  Sh« an a ljrtiO j & 
a&6 i o O a a t r l a l  iq ^ o r to n o a  o f t h i s  a a t a r l o l  t ia s  baen d o a a a a t r a te d  
bar aOiii.«Tiike^ t h a  £al.i.o« ittt; O i ^ t  q tu ip t i t a t lv o  b&aary a c p a r a t io a a i
L»*l
*  i i i ^ l  tfa^* «  A l ^ t  i a ^  -  aB**"!®*
4  o o o p a r ia a u  as: t h a  Ioe^ aao b aau a  pzapox rtioo  alf th i f i  o a t a s l a l  iiaa  
aXso b caa  maA* « i t h  o th e r  l i a U V )  baaad  io n  esohan4|e r a «
l a  t h a  ta l£ < l a b a t e r  t b a  p a p e r  obso ioato^irapiiio  b e b a v io o r  o f 
aooe» ar^MAia p o U a t a a t a  ( p a a t i a i d a a  aad  t a x l a a a t * )  b a a  bean  a tu d ia  
ua iB ^  tixk{pi) o o i j r b d o a i l i a a ta  p a p e ra  i a  v a r io o a  a « ^ « a ic  and lAorftai* 
a i o  a o lT e a ts *  ^ ^ a r a l  q o a l i t a t i i r e  biaoz^r find tc z a a a s f  a a p a r a t io n a  
bava  bo€3a aosiJevcd tAiiyeb « e r»  a o t  p o aa iU Io  o a  p l a l c  p ap e ra*  
ia  tb o d  davolop<£»d b a a  be oao ^ c a e f o i .^  apL>iic<d t o s  e o r t a l a  ia u a e r io  
d l f  f  e r a t i t i a t i a t i  •
t h e  X a u rtb  o b a p ta r  l a  ba«ad  oa a  a i i |> le  a x t r a o t i c b  i l u a r a a *  
aaaa€» ta o b a iq u e  v b ia b  liafi ba«a devaX aped f a r  t b a  x a o a ito rlo ^  o£ aac* 
ta i&  p<iiLI,utsctte a o a ta in ia g  t a r t i a c j r  a itr« £ < &  l a  a a t e r  o&
S ln i lT )  w O y b d & alX iaa ta  p a p a r a ,  f a r i a a e  e r ^ o c la  aad  laa«:*c«^^io 
d a T o lo p a ra  baire bean  »i^agr<^d to  a tu d sr th a  a h ro u a to g ra p b lb  betiav io4? 
& a tu ra t« d  a a i u t i u a  a^ . a o p p a r  io d id e  in  a o r t a n i t r l l a ,  a a t a z ^ ta d  a a *  
I t t t i o n  o i a o ^ u a  a a r u o a a te  and  U f « l i^ b t  bova  b a « i aftaa  a a  d a ta c ta r 4 «
(11)
Thr t i t t h  and th e  oh& ptor  d e e o r ib e s  t h e  • t u a i o *  on
o o ld *  Sho O J ^ c to U iM  e l l lo o a u l i r ^ a lo  «B ia  Hm  boon 
« fa ta e o iJ i« d  and  o h a r a o t c r la e d  t h s u « ^  l t «  Io n  o a s b o D ^  ••tiao ltS T f 
oh«oio«X s t a b i l i t y ,  I « a #  ^ o o t v a ,  « lM R io ^ raT la» tr4 0  
d i f f r a u & t i o l  th « ra a L  a M X y e is ,  an a  d lC iv c o tlo n  p a t tc v e *  Sh«
o a t e r i o l  ebove a  im iq a e  f e a t o r « ,  I t s  I c b  n x th m e ^  Qa^moXt^ 
iB O raacoo « l t h  loo>»;jee  l a  th o  dxyia^; t « ^ o r a t u « *  f s o a  40^0(0*00  
o 0 q /e )  t o  flOO^Q (1 * 7 d  a s ^ s ) *  fh «  aeeh cB iisa  cdt l e a  oaohaaijff o t  
o tm o fe l m t  e a t lu o o  h a«  b«a» in v e e t l^ a to d  thcoa/j;h p a t« i i t l ;} a e t r lo  
t l t r a t l c ^  ottd imcQjr d i^ « a o to t;e o o i9  t u e  osahm ^-^d phac«a« I t  
b o s  beoa fo u n d  t h a t  l<Ri'eM tia&ij« l a  f iiU o o ao l^ ’b d lo  a e ld  ta k e a  
p la a a  v l t h  pb aM  t r a n e i t l a o a *
( i l l )
